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ABSTRACT

Shipboard fires have plagued mariners for centuries; they still

cause significant damage and casualties each year. Improved fire

prevention and control require a sound knowledge of the phenonema

of fire. At the same time, a study of fires in enclosed pressure vessels

has been undertaken by the Navy using FIRE-i, a large pressure

vessel, to conduct full-scale experimental fires. A computer model is

being developed to simulate the FIRE-1 tests. This three-dimensional

finite difference model uses a cylindrical/spherical coordinate system

and includes the effects of turbulence, surface and flame radiation,

internal ventilation, global and local pressure corrections, strong

buoyancy, and conjugate boundary conditions. Given a heat release

rate, the model computes temperature, pressure, density and velocity

fields for the entire vessel. This thesis presents the internal

ventilation feature of the model and compares the numerical results to

a nonventilated case. Additional features such as combustion and

gaseous radiation are being incorporated to more accurately model

real fires. When validated, this model will become a useful tool for

evaluating fire prevention and control procedures and equipment.
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I. INTRODUCTION

A. BACKGROUND

Fires aboard ships pose a great hazard to both personnel and

materiel. Millions of dollars are spent annually on repairs of damage

due to fires. Personnel casualties caused by fires cannot be measured

in dollars and include both fatalities and severe injuries. Most person-

nel casualties result from toxic gas or smoke inhalation rather than

contact with the fire. The prevention and control of shipboard fires is

one of the Navy's and Coast Guard's greatest challenges in future ship

design. The computer simulation of a shipboard fire presented in this

thesis provides a tool which may be used to reduce the damage from

shipboard fires.

In order to prevent fires and their associated casualties, it is nec-

essary to better understand the basic phenomena of fire and smoke

propagation within enclosed spaces. This requires knowledge of vari-

ous physical phenomena: combustion, fluid mechanics, and heat and

mass transfer. Extensive research using this basic knowledge is

needed to predict the behavior of fires. With a better understanding of

fires, ship designers and engineers can reduce the probability of igni-

tion and propagation. New systems and procedures for fire control

can be developed to reduce the losses should a fire start due to acci-

dent, equipment failure, or hostile action.
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Shipboard fires have unique complexities not found in other fire

scenarios. Access to a fire area is limited and spaces frequently con-

tain electronic equipment, electrical power sources, machinery,

combustibles, or toxic materials. Compartments are often closed,

permitting pressure to build up in the space. Self-contained or recir-

culating ventilation systems present unusual fire scenarios. All of

these complications must be considered in the study of shipboard

fires; the model developed in this thesis has incorporated two of these

complexities: pressure build-up and recirculating ventilation.

Shipboard fire research is currently being conducted by many

organizations, including the Navy and the Coast Guard. Research

includes both experimental work and computer modeling. Experi-

mental work is limited due to its high cost. Scale models of fires do

not predict the behavior of full-scale fires because of the complexity of

the fire phenomena. It thus becomes necessary to conduct fire

research with full-scale testing. At the Naval Research Laboratory in

Washington, D. C., the U.S. Navy built FIRE-l, a large pressure vessel

designed to simulate fires aboard submarines and surface ships. This

unique test facility offers the researcher an opportunity to study a fire

with the pressure building up in the vessel. This models a fire in a

submarine or in a closed compartment on a surface ship.

Today's supercomputers, with their extremely rapid computa-

tional speed and massive storage capability, offer a researcher the

option of computer modeling of fires. The systems of partial differen-

tial equations which govern the fire phenomena can now be solved
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numerically. The first models were simple, but current models are

building on the older models, incorporating more phenomena and

producing more accurate results. As each new submodel (such as a

combustion or gas radiation model) is added, the quality of the

numerical solutions improves. The models are being verified by com-

parison with actual fires, such as those conducted in FIRE-1.

When validated, computer models provide an excellent tool for

the fire researcher. In experiments, each test must be repeated many

times to verify the procedures, test facility, and data. The cost of

these experiments becomes prohibitive. Experimental researchers

must determine which test scenarios will produce the most meaning-

ful results and how to design the data collection systems and proce-

dures to monitor the most critical parameters. This is one aspect in

which computer fire simulations become invaluable. By developing a

code which accurately simulates a fire in FIRE-l, various fire scenar-

ios can be modeled at a reasonable cost. The most interesting scenar-

ios can then be investigated by experiments in FIRE-1.

Computer models may also be used in modeling fires which can-

not be tested in full scale due to the size and geometry limitations of

FIRE-1. An entire area of a ship might be modeled and the progress

of the fire within and between compartments could be investigated.

With such simulations, the spread of fire could be analyzed, and new

methods can be evaluated to prevent the spread of fire from compart-

ment to compartment. Additionally, the efficacy of fire extinguishing

systems can be evaluated by introducing models of these systems into

3
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the fire model. All of these future uses require a validated code and

the use of a large computer. While the cost of a computer model test

is significantly less than a full-scale test, it still requires extensive

computer time. The current code running on an IBM 3033 uses

approximately 1.5 CPU hours per second of fire time. A supercom-

puter and vectorization could reduce this time by one or two orders of

magnitude, but the number of model tests needed to fully validate the

code still will require significant supercomputer resources.

B. COMPUTER MODELING

There are two basic procedure for modeling fires: field and zone

modeling. Zone modeling involves dividing the fire area into control

volumes or distinct regions [Ref. 11. Each region contains a phenom-

ena of particular interest, such as the base of the fire, fire plume,

heating of the wall, ventilation inlet or outlet duct, etc. Mass and

energy balances are conducted across the boundaries and interconnect

all of the control volumes. This procedure provides information for

the entire area, but the phenomena occurring within each control vol-

ume are not always understood.

Field modeling, also known as differential field equation model-

ing, divides the compartment into finite volume elements. The con-

servation equations in differential form are used to calculate the mass,

momentum, energy, and smoke concentration at each time interval.

The temperature, velocity, pressure, density, and smoke concentra-

tion are known in each volume element. Models for additional physi-

cal effects, such as turbulence, forced ventilation, and different

4



geometry (such as equipment or decks) can be included in a field

model to better simulate actual fires. Field modeling requires a large,

fast computer with significantly more memory than zone modeling.

The accuracy of the solution depends upon reducing the size of the

control volumes; this increases the number of individual cells, the size

of the problem, and the computing expense.

Much fire research has been conducted to provide a solid founda-

tion for this thesis. Work performed at the University of Notre Dame

[Refs. 2, 31 included a two-dimensional finite difference field model of

aircraft fires. It predicted the movement of hot gases and smoke as

well as temperature and smoke concentration levels in the seating

area of an aircraft cabin. Additional work by Nicolette, et al. [Ref. 41

included the development of a two-dimensional model of transient

cooling by natural convection. This model utilized a fully transient

semi-implicit upwind differencing scheme with a global pressure cor-

rection. Experimental data showed good agreement with the numeri-

cal predictions.

Recent studies [Refs. 5 through 131 have developed numerical

solutions for natural convection in three-dimensional rectangular

enclosures using field modeling. They successfully solved nonlinear

partial differential equations with a finite difference method. Models

and studies involving three-dimensional cylindrical coordinate buoyant

flows [Refs. 14 through 201 deal primarily with horizontal cylindrical

annuli that have walls of different temperatures. Smutek, et al. [Ref.

191 studied convection in a horizontal cylinder with differentially

5



heated ends at low Rayleigh numbers. Yang, et al. [Ref. 201 conducted

a similar numerical study for high Rayleigh numbers.

The difficulty in calculating pressure has been addressed using

methods that eliminate pressure from the governing equations.

Stream function-vorticity methods [Refs. 14 through 19] have been

used to solve natural convection problems in several geometries. The

problems inherent in this method include instability at moderate to

high Rayleigh numbers, difficulties in handling three-dimensional

situations, and the lack of pressure information, which often is a

parameter of interest. These problems are addressed by Yang, et al.

[Ref. 201, who propose the use of primitive variables with an arbitrary

orthogonal coordinate system.

Ozoe, et al. [Ref. 21] used a vorticity vector potential formulation

and alternating-direction-implicit finite difference method to compute

velocity and temperature fields for three-dimensional natural convec-

tion in a spherical annulus.

Baum and Rehm [Refs. 22 through 251 have developed several

field models for prediction of fires. Their models use time-dependent

inviscid Boussinesq equations to simulate three-dimensional buoyant

convection and smoke aerosol coagulation. Field models have also

been used to model room fires [Ref. 261 and fires in a general three-

dimensional enclosure [Ref. 271.

The numerical method developed by Yang, et al. [Ref. 201 and used

in this thesis is based upon the use of primitive variable finite differ-

ence discretization in generalized orthogonal coordinates. This

6



method has the ability to handle complex geometries and the stability

inherent in the primitive variable formulation.

C. FIRE-I, THE TEST FACILITY

To better understand the phenomena of fire inside a pressurized

compartment, the Navy built an experimental pressure vessel for con-

ducting test fires. This test facility is designated FIRE-1 and is

located at the Naval Research Laboratory in Washington, D. C. A brief

summary of FIRE-1 is contained here; a more detailed report is pro-

vided by Alexander, et al. [Ref. 281. Figure 1.1 shows the basic layout of

FIRE-1. It is a 46.6-foot-long cylindrical vessel with hemispherical

ends, capable of pressures up to 89.7 psi at 450 F. The radius of both

the cylinder and the end caps is 9.6 feet and the total enclosed volume

is 11,639 cubic feet. The vessel is constructed of 3/8 inch ASTM 285

Grade C steel and contains rupture discs at each end to prevent over-

pressurization.

Instrumentation monitors various fire parameters, including

pressures, temperatures, and smoke concentrations. Pressure trans-

ducers and bourdon tube gauges are located at the north and south

ends of the vessel. Thermocouples and radiometers are installed as

shown in Fig. 1.2. An array of ten thermocouples is located at each

end of the tank. Each thermocouple is a chrome alumel wire of 0.2

mm diameter having ceramic insulation enclosed in 1 mm diameter

Type 304 stainless steel jackets. Thermocouples are also located on

the chamber wall to measure the inside and outside wall temperatures.

7
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Additional thermocouple- and radiometers are available for temporary

installation at various locations as required for different tests. Smoke

obscuration can be measured three ways: visual obscuration with video

cameras, particle analysis, and obscuration with laser detectors. The

fuel bum rate is determined with a round tapered-edge fire pan with

various cross-sectional areas, provided with a constant-level fuel sup-

ply system. The operation and calibration is described by Alexander,

et. al. [Ref 28]. To date, the burn rate data has not been accurate, so

further experimentation is necessary to provide fuel burn rate. As dis-

cussed later, the lack of accurate burn rate data precludes complete

verification of the computer code. In the Interim, several methods of

deducing bum rate have been developed for use in the computer

model.

Three features permit modification of the tests to more accurately

model the submarine or ship compartment being tested. First, there

are two removable decks, one installed in the mid plane of the vessel

and the other slightly over three feet above the bottom. Grated or

solid deck plates can be installed to test various shipboard configura-

tions. The decks have been incorporated in the computer model but

have not yet been tested and verified. Second, a nitrogen pressuriza-

tion system extinguishes the fire and can be used to evaluate its per-

formance in an actual fire situation. Ten seconds after energizing the

nitrogen system, the pressure in the vessel rises to two atmospheres

and extinguishes the fire by reducing the partial pressure of oxygen to

less than 10.5 percent. Third, there are two ventilation fans which

10



can be installed to simulate the effects of internal ventilation. The

ventilation system has been included in the computer model and is

the subject of verification in Chapter 4 of this thesis.

D. FEATURES OF THE PROGRAM

The computer model was developed as a low-cost alternative to

predict the spread of fire and smoke in enclosed spaces on naval ves-

sels. Together with the FIRE-1 test facility, which can be used for

validation of the computer code, it can be used to evaluate the effec-

tiveness of damage control systems and new ship designs in the pre-

vention and control of fires.

The computer model is a joint effort of the University of Notre

Dame and the Naval Postgraduate School. The original work by Nies

[Ref. 291 involved a model of a rectangular volume similar to FIRE-1.

The model was a three-dimensional, finite difference model employ-

ing primitive variables. It included a global pressure correction, sur-

face radiation, turbulence, and simple conduction at the walls- The

unreliability of the burn rate data from FIRE-i experiments caused a

problem in validation of the computer model. To overcome this

problem, a scheme for developing the bum rate based on the experi-

mental pressure was developed; the procedure is describe by Nies

[Ref. 29:pp. 61-631.

Raycraft [Ref. 301 developed a more sophisticated model which

uses a spherical/cylindrical coordinate system to more accurately

model FIRE-1. It also includes a more detailed formulation of surface

radiation, global pressure correction, turbulence, and conduction. The

11



problem with burn rate data persisted, and three trials were run to

attempt to better simulate the burn rate. The conclusions were:

1. The pressure tracking case, Trial 1, provided a numerically gen-
erated heat release curve from other available sources. The pres-
sure was forced to follow the experimental curve, causing large
oscillations in the heat release and temperature data.

2. Trial 2 used a third-order polynomial fit of the experimental data
provided by NRL. The pressure and temperature did not oscillate
greatly, but the values obtained were very high. This indicated
that experimental bum rate data was also too high. It was known
at the onset that the heat release rate data could be off by some
unknown scaling factor.

3. Of the three test cases examined, Trial 3 was a better repre-
sentation of the fire in FIRE-1. This case combined the heat
release rate levels obtained from Trial 1 with the third-order
polynomial fit variation from Trial 2. The results were a realistic
bum rate curve to use as input into the computer code. [Ref. 30]

The present code includes internal forced ventilation into the

model. The effects of two fans blowing into the end caps of the vessel

is investigated in this thesis using the burn rate curve discussed above

in Conclusion 3. The results are compared with existing data of the

fire model without ventilation.

E. THESIS OUTLINE

This thesis describes the numerical model, its derivation, and

application. In Chapter 2, the governing equations, initial and bound-

ary conditions, and the various submodels employed are discussed.

Chapter 3 presents the derivation of the finite difference equations.

The use of the control volume method in the spherical/cylindrical

geometry is explained. The conservation equations are presented and

integrated, finite difference equations are developed, and the pressure

12



correction procedures are described. Chapter 4 presents the experi-

mental data for the internal ventilation model and compares it with

the nonventilated case. The conclusions and recommendations for

future work are presented in Chapter 5. The appendix contains the

code for the model.
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II. NUMERICAL MODEL

A. GOVERNING EQUATIONS

1. IntrodU
The governing differential equations used in the computer

model are described in this section. They are initially presented for a

Cartesian system and then transformed into a generalized curvilinear

coordinate system using standard tensor notation. Several assump-

tions are made in the development of the governing equations. The

fire is modeled as an unsteady volumetric heat source that is a third

order polynomial in time, which resulted from previous work [Ref. 30].

The effects of combustion have not yet been incorporated into the

code. Density varies in accordance with the perfect gas law.

Nies [Ref. 291 developed a computer code to model a fire in

FIRE-1 using Cartesian coordinates as an initial approximation. Ray-

craft [Ref. 301 describes the code for the current spherical/cylindrical

geometry which is summarized below.

2. General Eauations

The governing equations include: conservation of mass (con-

tinuity). conservation of momentum, conservation of energy, and the

equations of state. These are presented below in Cartesian coordi-

nates and in standard tensor notations. The continuity equation is:

p,t+ (puI), = 0 (2.1)
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The momentum equation is given as:

(Pu ,).t+ (Pu ,uJ),{= - P,,- pGO + (av),{ (2.2)

and the energy equation is:

(PCpn T)'t+ (PuCpm T).= (kT),"+ gD + Pu1 . (2.3)

The stress tensor is given as:

- (u+ - 3 1J kk) (2.4)

with Bij being the Kronecker delta, which equals the value of 1 when

i = j and equals the value of 0 when i * J. The dissipation function is:

(2( ) ,. 4 + [U .tp i) U 2
0= u- I- ) (u. ) (2.5)

The equations of state are given as:

P= pRT (2.6)

h= Cpm (T - TR) (2.7)

Since the computer model of FIRE-I is in a combination of spherical

and cylindrical coordinates, these equations must be transformed into

a general curvilinear coordinate system (01, 02, 83). Yang, et. al. [Ref.

20] outlines this process, using the rules established by Eringen [Ref.

15



311. The generalized orthogonal coordinates are transformed as

follows:

x -e (2.8)

with a scale factor, hi, for curvilinear coordinates given as:

~ax ax
h I ae' ae'1 - (2.9)

The scale factor is a component. therefore the summation rule does

not apply to the subscript of hi. Reference 31 gives the scale factors

in cylindrical coordinates as:

h1 =r=o (2.10)

h 2 = 1 (2.11)

h 3 =1 (2.12)

In spherical coordinates, the scale factors are:

hi = r sin e= e sin0 (2.13)

h 2 = 1 (2.14)

h= =r=2 (2.15)

16



The covariant and contravariant metric tensors of orthogonal

coordinates are given as:

g = 1, = , h i hj (2.16)

ti 51_

g9 = h i hi (2.17)

The vector tangent to the ul curve at P is given as:

g~ ( j )

hi (2.18)

and the velocity vector is given as:

hi (2.19)

In generalized orthogonal coordinates [Ref. 20]. the continu-

ity equation is:

0' ((2.20)

and the energy equation becomes:

(p~1 a ),fg- p Cp. u, T
(PCpmT) a 0'

k T 1  (2.21)

h 2  +Sf

17
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with the momentum equation given as:

1 .v U'U) -P,, G
(Pu'), + = " oI1 hi hi + pG' +

+ "". hh Di (pu'u-&) a")

+ 1 ao

The stress tensor is:

- hi + hTo hi hi h uh, D' - -i)  h DTi* ( ~) +

h1 1
aX = 'If (2.23)

L hihi ao (Vg h.

and the dissipation function is:

Ui  Ut9

2 (2.24)

The only difference between these equations and the cartesian coor-

dinate equations is the additional terms in the momentum equation

for Coriolis and centrifugal forces. In the energy equation, several

terms have been lumped together in the source term:

18
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[+ P T  h + S  (2.25)

The heat source term, Shs, is nonzero only in the fire, since gas radia-

tion effects have yet to be incorporated into the computer model.

Furthermore, since the present study deals with turbulent flow, the

conductivity, keff, and dynamic viscosity, Aef, are the effective quanti-

ties which include both the laminar and turbulent contributions.

B. INITIAL AND BOUNDARY CONDITIONS

In order to solve the governing equations, both initial and bound-

ary conditions must be applied to the model.

1. Initial Conditions

The initial conditions of the model are the same as the

conditions immediately prior to the ignition of the fire in FIRE-1.

The air within the vessel is assumed to be totally at rest, so the entire

velocity field is set equal to zero. The forced ventilation does not

begin until the fire starts, so that the velocity field due to the forced

ventilation builds as the fire starts to burn. The temperature of the

field is uniform and equal to the ambient temperature, which corre-

sponds to a nondimensional temperature of 1.0. Pressure and density

distributions are due to the static equilibrium distribution inside the

tank.

2. Boundary Conditions

The pressure vessel forms a solid wall around the entire area,

so all velocities on the wall are zero; this satisfies the no-slip condi-

tion. Since there is no mass flux through the wall, all velocities
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normal to the wall are set equal to zero. Temperatures on the inside

of the wall are equal to the temperature of the fluid immediately adja-

cent to the wall eliminating temperature discontinuities. The follow-

ing equations describe these boundary conditions.

u i =0 (2.26)

Tsurf = Tfluld (2.27)

Continuity of heat flux must be met at the walls.

qn D n -k (2.28)

with n representing the normal direction towards the center of the

vessel and qr representing the thermal radiation energy. There is

heat conduction through the walls and heat convection from the exte-

rior walls to the environment at the ambient temperature.

Due to the cylindrical and spherical geometry, there is a sin-

gularity at a radius of zero which requires special treatment. Several

different methods of correcting this problem are discussed by Yang, et

al. [Ref. 20:pp. 167-168]. The method chosen for this model involves

applying continuity to two consecutive radial control volumes placed in

the vicinity of radius equal to zero. Of all the methods investigated,

this was found to give the best representation of the flow and

temperature flow fields.
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The boundary conditions for the control volumes adjacent to

the ventilation control volumes are discussed in Chapter 3.

C. PHYSICAL MODELS

1. Turbulence Model

An algebraic model is used to predict the average values of

the dependent variables. More complicated models could be used, but

the increase in computing time does not warrant their use. Nee and

Liu [Ref. 321 developed a model that obtains the effective viscosity, geff,

in recirculating buoyant flows with large variations in turbulence levels.

The equation, after being transformed to the generalized orthogonal

coordinate system, is:
(_L)2 ) '2 8J)

Igeff Hii h'i 4 i- 1
- + Ri (2.29)° 2 + PR__

Prt

where Prt is the turbulent Prandtl Number and the Richardson Num-

ber, R, is given as:

R i = H ___ n .
u~ (~J ]2 2( ]2( 3) 2 (2.30)

with -6 a unit vector in the direction opposite to gravity and I/H the

nondimensional mixing length parameter:
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F=1 K +

ae h i aoae

where K is an adjustable constant. The effective conductivity is

defined by the following equation:

1 1 1effPr Pr, 90 (2.32)

2. Conduction Model

As the fire progresses, the heat energy transferred to the

environment becomes increasingly important. This requires a model

for the heat conduction through the vessel walls. The energy transfer

is treated as unsteady. one-dimensional heat conduction through the

wall and convection with a constant heat transfer coefficient at the

wall exterior. The energy equation in this case is:

C- a a0' +(2.33)

with Ps Cps being the heat capacitance of the wall and ks being the

conductivity of the wall.

3. Radiation Model

The radiation model is described in detail by Raycraft [Ref.

30:pp. 22-44] but is summarized below. The radiation model used is

based on three assumptions. First, the model only considers surface
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radiation; this means that the gas and smoke inside the tank is con-

sidered to be transparent. Second, all surfaces are modeled as grey

surfaces, with radiation diffusely distributed. Third. the tank walls and

the flame of the fire are treated as surfaces. The radiation model is

based on the net radiosity model discussed by Sparrow and Cess [Ref.

331. The net rate of heat loss per unit area is given as:

N 4

- =G,2 G T, (2.34)

with the following definitions:
£i

Gs =-E ( (2.35)

j = (2.36)

- I - -i) FA_^j
j =1 e(2.37)

FAi-AJ is the view factor for the radiation emitted by the surface i and

incident upon surface j. Generally, it is given as

F I f f cosp,cospjdAdAj
FAiA j "AlI A r r 2

AJ J (2.38)

The view factor calculations are given in detail by Raycraft [Ref. 30:pp.

29 through 441.
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4. Internal Ventilation Model

The internal ventilation model allows the user to set up

forced internal ventilation in the field. This would normally represent

outlets of the ship's ventilation system, but could also model ventila-

tion due to damage (i.e., ruptured air lines or ventilation ducts) or

damage control smoke removal equipment. The internal ventilation

model defines a velocity in one or more control volumes.
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III. FINITE DIFFERENCE EQUATIONS AND CALCULATIONS

A. INTRODUCTION

The numerical solution for the computer model has space and

time as the independent variables, and velocity (in three directions),

pressure, temperature, and density as the dependent variables. With

six unknown dependent variables, six equations are needed to obtain a

solution. The conservation of mass equation (Eqn. 2.20), conservation

of energy equation (Eqn. 2.21), conservation of momentum equations

(Eqn. 2.22), and the equation of state (Eqn. 2.6) are used. These

equations are discretized in a method similar to that described by

Doria [Ref. 34], based on the general discretization concept presented

by Patankar [Ref. 351. Doria divided the domain into separate control

volumes and wrote conservation equations for each cell in an integral

form. These integral equations became a set of finite difference equa-

tions which could be solved to provide a solution.

In the flow field, each cell is treated as a unit, with one value of

each property reigning throughout the cell. The center of the cell

determines the value of temperature, pressure and density. The

velocity grids are staggered one-half cell away from the center.

Patankar [Ref. 35:pp. 115-120] describes two problems which arise

when the velocity cells are coincident with the basic cells. First, the

velocity at the staggered cell center is calculated as a function of the

pressure differential between the two adjacent nonstaggered cells. If
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the cells were not staggered. the velocity would be calculated based on

the pressures of adjacent cells, which are twice as far away as in the

staggered cell case. Second, staggered cells preclude unrealistic

oscillating solutions.

Employment of primitive variables presents a problem with the

coupling of the pressure term in different equations. Others have used

the stream function to eliminate this coupling [Refs. 14-191 but in the

present case, with the desire to determine the pressure, this method

is Inappropriate for the reasons cited in Chapter 1. In the computer

code, an iterative procedure is used to estimate pressure. To ensure

that the results are physically realistic, a numerical method must not

violate the conservation properties. Patankar [Ref. 35:pp. 120-126]

and Doria [Ref. 34:pp.26-321 describe the method of satisfying

conservation by correcting the estimated pressure to ensure that mass

is conserved at every cell. In addition to the local pressure correction,

a global pressure correction is included to account for the total energy

change in the system, as described by Nicolette, et al. [Ref. 4].

In the finite difference method, differential elements are replaced

by finite quantities in the integral form of the equations. Many

methodologies have been developed for dealing with the differencing

techniques and each has inherent features and problems. The QUICK

methodology (Quadratic Upstream Interpolation for Convective Kine-

matics) developed by Leonard [Ref. 361 is used here for the convective

terms. QUICK uses locally two-dimensional quadratic interpolation

functions for estimating control volume face values and gradients of
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transported variables. It is third-order accurate and permits practical

grid sizes. Yang [Ref. 13] employed QUICK in the coupled momentum,

energy, and pressure equation solutions for three-dimensional flow in

tilted rectangular enclosures.

B. CONTROL VOLUME

When defining the problem to be solved numerically, the flow

field is divided up into finite elements, or cells that together make up

the entire field. At the center of each cell is a grid point that is

defined as the governing point of the cell. In discussing the grid

points, the following nomenclature is used. The grid of interest is

called P (1, J, K), with adjacent grids being defined as: East ([+1, J,

K), West (I-1, J, K), North (I, J+l, K), South (I, J-1, K), Front (I, J,

K+1), and Back (I, J, K-i). The boundaries of the cell with grid point

P are designated by lower case letters, or e, w, n, s. f. and b. Figures

3.1 and 3.2 shows typical cells in cylindrical and spherical coordinate

systems.

As previously discussed, velocities are defined in a staggered grid

system. To illustrate this, Figure 3.3 shows a two-dimensional cell;

Figure 3.4 shows the location of the staggered velocities around the

grid. The velocity, u', for the basic cell is located on the west face;

is on the south face: and u 3 (not shown) is on the back face. In allk

cases, the staggered cell system is offset one-half cell from the pri-

mary cell system.
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C. INTEGRATION OF CONSERVATION EQUATIONS

To dlscretize the conservation equations, it is first necessary to

put them into an integral form by integrating over the volume of a cell.

The continuity equation becomes:

a f -h I h2 hs d0I d02 des +rp1 2 3

f --L (p ul h. hs,) +" (p U2 ha h,) +

+-a-- (p u~h h 2) dOl dOV d03 =O (3.1)

and the energy equation is:

D p C )t hi h 2 h s d0 I d 2 d O 3 +  (p  Cp= 'T h h

a 2Th h C U 3 T h 2 h dO I d62 dO'

--o- (P Cpm 0 1 Th 3h) + T-Y (P Cpm  1Th )

[T -dhO~hd dO dO
a

f [TO (q' 52 h) + a (q2 h h as - (q h, 2 3
dO dO

P 3)+
O + 2

f S( h h2 3 dO d0 dO 0 (3.2)

withe

qt= - DT (3.3)
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The momentum equations are:

(p -) hPh h dO ddO+ d fp, h2 h h dOu dO 2 dO"

at h 2 h 3

+f hh hh h 3dO I de d 0 3

1h h 2 h 3  [-h I (p uj u _ cj] dO IdO 2 dO

+ h h2 h 3 ((p uJu'-oi)]d dO2
3dO
3  (3.4)f hj hi Do

D. CONTINUITY EQUATION

Once the governing equations have been integrated, the differen-

tial elements are replaced with finite quantities. Three separate

differencing methods are used in the computer model: forward dif-

ferencing for time, central differencing for the diffusion terms, and

QUICK for the convection terms.

In forward differencing, the future value of a given parameter is

found by adding its present value to the net change over a finite time.

This change is described by the rate of change (slope) multiplied by

the time step. For example,
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pn = p"-I + m At (3.5)

with pn-1 representing the present value of density, m is the rate of

change, pn is the future value, and At is the time step. Substituting

this into the continuity equation (3.1) results in:

p pn _ p- 1_2n _ n-I- dV = At hh h 2 h3AO AO2 AO -A t p  AV (3.6)At 1 2 3At

By evaluating the integral, the continuity equation becomes:

(p- _p-I )_!IV +[p u'h 2 hd02 dO3] [p u'h 2 h3 dO2 dO3]

+ [p u2 h, h 3 dO' dOS]n - [p u2 h, h3 dO' dO] a + (3.7)

+ [p u3 h, h2 dO' d2] f- [p u3 h h2 dO' d62]b = 0

The mass flux rate, G, is evaluated at each of the six cell faces:

G'=(u)w=u [( p p( h AOI )1P (h AO ()3 .)
[(( h, A 2 ),+, +( hi A9) )) 1

I )W~u[(PP~hi A0 I}, -1+Pw (h, A0'),)

AO )_,+(hi A )) j (3.9)

33 (p (h AO )J+ + p, (h 2 A02
G,, ( n n2 u ((h h2 A0 ))+I + (h h2 A6')j (3,10)
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G 3 = (pCu2  U). u [ h 2 AO )JI + p h A2 ) (3.11)
((h 2 

2 "')- +( h 2 ))

G =(PU3)f u p,(PMP k +pF h3 )k) (.2

Gb= (Pu 3 )b=uf ((h 3 A k+1 + ( h3 A 3 ) k) 1(3.13)
[p (h3  )kI(h A 3 ))

with the area of the faces given as:

Ae.w = (h 2 AI? h 3  ., (3.14)

An.x = ( hi AO' h3 AO )n. (3.15)

Af b = (h, AO' h 2 AO 
2 )fb (3.16)

In the finite difference format, the continuity equation becomes:

(pfl - pf-l) AV
At + GGw+Gn-GS+Gf- B = Smp (3.17)At

with Stp defined as the mass source term. In an analytical solution,

this mass source term is zero, but in numerical solutions it is a finite

nonzero term. Through iteration, the numerical solution converges

and the mass source term approaches zero. Instead of converging to
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zero, the source term is set equal to zero when it is less than or equal

to 10-70 .

E. ENERGY EQUATION

The integrated energy equation is:

[(PC T)(PCPT)n1 -+ G, (Cp, T )e A, -Gw (Cpm T)w Aw+

G. (CpmT)n An -G. (CpmT) s A.+Gt CpmT)f Af -Gb (CP T) b A -

=keAe( DT I - kwAw( aT I+ kaAn(DT )

( I CI - ( I ) Wh 2  )

-k. A. - k Af 3) + kbAb( +SfAV

( h 2 0 ). h 3
0 3  h 3 ae ) (3.18)

where all k's represent effective values. Sf is the source term and

includes dissipation, radiation, pressure work, and all internal heat

sources. J is the total heat flux resulting from convection and

conduction.

J:.[(Cam'T 1 (3.19)
j1.,,= (p Cpm ul T) - k,, hi0 {3.19

e .w

12r ( ~ 2  T)_ 1
J..[,= pCemT) -kff h2 a02 (3.20)
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3 =[pC U3 T) - kr aT
JL.b "L( PCpm ) h 3 a 3 (3.21)

f.b

These equations are the 01, 02, and 03 components of the total heat

flux. The subscripts refer to the face to which they correspond. The

term (p Cpm uI T) causes problems since u is evaluated at the cel! sur-

face, but all other values are evaluated at the cell center. Because of

this, when using these equations, the fluxes must be expressed in

terms of Cpm, p, and T at the point P and its neighbors. Substituting

these equations into the .ntegrated energy equation, the finite differ-

ence energy equation is:

[ (pCpmT -(pCpmT) - ]V +J' Ae -J. A,+

+JnAn-J' A. + J'A -J 3 A -S AV (3.22)
nf f b b=

Of the many finite differencing methods, the QUICK scheme is

used with the convective terms because it accurately predicts the

dependent variable values at the control volume surfaces with stable

properties. QUICK has the relative accuracy of the central differenc-

ing scheme coupled with the stability of an upwind scheme. It uses a

parabolic polynomial interpolation to fit the control volume at three

adjacent nodes. Yang [Ref.13:pp. 77-89] describes QUICK in one, two,

and three dimensions. Raycraft [Ref. 30:pp. 63-741 developed the

finite difference energy equations using the QUICK scheme. Since

36



this method is used in the computer model, the derivation is repeated

here.

The quadratic interpolation for a nonuniform grid is given as:

(Ppm .uT)~ =G,,Cp.c[P 2 ) CURVe1 (3.23)

(p CP v T) =GW Cpm..w R( -LCURVw] (3.24)

Figure 3.5 shows the one-dimensional scheme. The upstream

weighted curvature terms CURV are:

CURVC C TETP TP=T if G >O0

~A (TAXT - eK if G~CO (3.25)

AXi+1

w EX TTP - if G <O0 (3.26)
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with

AX, = 0.5 (AXt + AX,_1 )

AXW = 0.5 (AX, + AX,)

LX. =0.5 (AX,+ 1 + AX,+2 ) (3.27)

AXww. 0.5 (AX,_, + AX 12)

In generalized orthogonal coordinates, the equations becomes:

(pCpm uT) =G cCpm.e( P u CURVNe) (3.28)

T)p= GwCp+.w( T CURVNW) (3.29)

with

(hiA1)2 ( T -Tp T -T,

=U V , -- (h-i TE -- - if G, 0 .0 )

CR =(h, AO), ( h1 A') (h1 AO)w,

I ChA8) (EE TE T-p~ if Gr <0 (3.30)

(hi A9 ), (Tp-T w  Tw -T WW
CURVN= A 1 )1+1 ((hi AO (hi OI)W if G. > 0
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(h AO (h e 1 TeT IO '  if G, < 0 (3.31)

I I (hi AO))

and

(h, AO') =0.5 [(h,AO')+(hAe')

(h AO') =0.5 [(hAo') + (hAo') ]

(h, AO') =0.5 [(hIAO') 1++(h, A')] (3.32)

(h, A6') . 0.5 [(hAO'),_l + (hAO') ]

The conventional finite difference form of Eqn. 3.22 for a one-

dimension system is:

I AV

(3.33)

= AETE + AWTW - ApTp + S(h AO')

Using a semi-implicit tri-diagonal solution procedure, both TEE and

Tww are included in the source term. The remaining coefficients are:

Cpm4.(- 7G, +3 IGJ() k,AE 16 + Cp,...(- Gw, + JGwI) + hIA 1 {334)

C. w(9 G + 3 G)k,

A16 + GI) + C1 , (G.+ IG.I) + kh (3.35)40 
h A
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A 9 (GwCpm.w-GCpm.e)+3(IGwICpm.+IG)+ k,+k,(3.36)

SP=Shi AO Cpm.e (IGel -Ge)TE - CP.(lGwI+ G.) T, (3.37)

The three-dimensional QUICK algorithm uses locally quadratic

interpolation of temperature through each control volume. Figure 3.6

shows the calculation cell for a three-dimensional uniform rectangular

grid. The cylindrical/spherical grid system used in the computer

model is more complex, although conceptually the same. Yang [Ref.

13] discusses the evaluation of the curvilinear and temperature terms.

Basically, curvature terms are calculated for each of the temperatures

and substituted for the convective heat flux terms. Heat flux is calcu-

lated and substituted into Eqn. 3.22.

After separation of variables, the energy equation becomes:

[Ap + (p Cpm.p) - v T p
[Tp = A T +A T w +A T

(3.38)
T T T +S T

AsTs +AF TF +ABB

with the additional source term,

ST (p CpM p T)- At _AEER +AWW R +A NNR

(3.39)
+ AesR + AFFR + ABBR
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CN=Gn* u+* (h.AO3) (hIAe')
J~l n

CSGSu 2 .(h 3.Ad) (hAe')

CE = *u+, (hOA) (h A02) (3.40)
C C

Cw =G,u * (hAPo)w (hA0)2

GFG 3~ (hAO1 ) (h A02)
CF Gf k+f f 2

CB =G *u " (hAO') (h Ae2 )

b b

Thermal conductivity is:
1

k = 1 + 1
k* (h 2 A0e) Ik+ * (h 2 A 2 )J+ (3.41)

(h 2 Ad') +(h 2 A )
.1 .1+1

1 [
k,=1 1

+~

kj* (h 2 A 2 ) + j_,*(h2A0 2 )

(h 2 A6 2) + (h 2 A0 2 )

11-

k = 1 +1

k* (h, AOG) k1+1 * (h, Ad1)

(h A3') +(h, A0 )
1 1+1
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1 + 1
kw=1I

k 1 (hA6') k, (h A')

(h, AO') + (h, AG2)

1
1 + 1

k 3(h A) k+l *(h 3AG3

k k+I(h 3 AG 3) k + (h, A0 3 ) l

kb = 1 + 1

kk (h 3 Ae) kk_, * (h A ) i
k k-I

(h., AG) k + (h 3 AG3 ) -

3 ,

CONDSI =k * h AGs Ah  J

CONDEI = k.* (3.42)

2

COND1=ki~(h 3 AG *hi AGdh 1 A

CONDW I = kw h A9 .
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I

CONDFI=k f 3,A 2 G
h* AO )

f

CONDB 1= kb *(hA h2
h 3 AOe

b

In equations (3.41) and (3.42), all k's are the effective values.

CEP -- ICE I+ CE (h, A0')
16 (h, A')

CEM ICE I -CE (hCA')

OE- 16 (h, AO')

ew- I + CW (hi, AO')

16 (h, A0')

CWM : lCw l-C (h, AG1),,
(h, A')

CNP=ICNI +CN (h 2 A 2 )
16 (h 2 A 2)

CNM ICNI- CN (h 2 A62)(.16 (h A 2 ) .4
j+4
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Ics +cs (h Ad)

16 (h 2 AO')

16SC (h 2 A62)

16 (h2 Ad')

CE. Ic +cF (h 3 A&)

cF- Il-OF ( fA
16 (h A6)

CBP-= I~cn C (h 3 A63)r

16 (h 3 Ae3)

k

a
w

P = IBI+C h3A3

-CEM * (hI AO')C
AEE = (h,AO')

- cwi * (h, AO')
(h, AO)
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-cs * (h, A 2 ).kT

nn

CS.(h2  A)
A== (h2 AO2 ) so44

-CFM (h. A1)
A FF (h3 AG3')

ff

-CBP *(hs AG')b

ATb

AEER = EE t p2 C pi

( T _ pm _2

A R A T 0m J-2

NN +2

ASS R As T pM - (3.45)

A ~s 5 1-2

A =A T *Cp*

FFR FF k+2 pm,+2

T ,T 3.5

ABBR =A BB CPM k-2

The intermediate coefficients are
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Alm -0.5 CE +CEP+ CEM AG' +

+ vAL (h, AO') w(3.46)

(h, AO')

Am 0.5 CW +CWM + CWP[1 (h, w)]

+C. (h, Ad) e(3.47)

(hl Ad)

A141 -0.5 CN +CNP +CNM ([h+2l) n+

(h 2 AG2) (3.48)

(h 2 A ) 1
As .5 CS +CSM +CSP[1 +(h2A)+

(h 2 Ad') (3.49)

+ CNP(h 2 AG2)
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(h3 A3)

AB = 0.5 * CB + CBM + CBP * I+ ( +

(h 3 A)]

(h 3 AG63) (3.50)

(h,, AG63)b

+ CFP*f

b

The coefficients are:

T

AE = A *CpmE + CONDE I

Aw = Am * Cpm.w + CONDW 1

AT C p + CONDN1 (3.52)

TAs = As *Cpm.S + CONDS 1

T

AF = A *C + CONDF I

T

AB =ABI*C +CONDB1

ApT is the sum of all the values of A.
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ApT =Tp,. +A AT +A AT +A AT +A AT +A AT +A T +Aw+

T T T T
+ANN +Ass +A FF +ABB) + CONDEI + CONDW1 + (3.53)

+ CONDN2 + CONDS 1 + CONDF 1 + CONDB 1

F. MOMENTUM EQUATION

The integrated momentum equation is given as:

(PUM) V+M A,-M" A.+M 2A. - M . As+

+MA -M'1 Ab =S (3.54)f M f M b A b

with Aj, the area of the staggered cell given by Eqns. 3.14 through

3.16. MJ represents the total momentum flux in the 01J direction due

to convection and diffusion for the u i velocity component. M is evalu-

ated at the face noted and is given by:

,= (puu - a'. (3.55)

The source term includes body force, pressure gradient, centrifugal.

and Coriolis forces and for ul is:

S'=-P.Ae + PwA + p G'AV - M" (A. -A.) -

13 22 33(3.56)

-Mp (Af-Ab) + (Mp + Mp ) (A -A.)

Yang et al. [Ref. 20: pp. 11-131 describes the concept of a "stress-

flex formulation" as it applies to a curvilinear coordinate system.
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Stresses are calculated from previous information and the source is

given in the current iteration. The momentum flux is:

M (=M + (3.57)

with

M - Puu -u (3.59)

The u1 momentum equation becomes:

A 11 Al l A 12 A 12
(pu) + Me Ae- Mw Aw+ M. A. - Mg As+

A 13 A 13 A
+ Mf Af - M b A b = S (3.60)

S= s- (&',-o,) A. (&',-o,,)A -

S - A + -a) A ,,

€I w

f b

The momentum equation for 01 is given as:
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Au+ Pn' Vu = A, u I +Awulu +

uu 1 ulu1 I S 1

+ Au' 1 +A. u1 +A" ul +A b u' + Suul (3.62)

The intermediate mass flow rates per unit area are:

[ lp4.1 (h 2 AO') i+ pj(h, Ad')] 1Gn = U J+l (h -- 02- )..........&92
h2 (h 2A ) +(h 2 A 02 ) I

G9C= 2[i- (h ( 2 AG2 ) + P, ( h 2 &)1 1363
f (h 2 A ) J+ (h2 1 &02)]

G~=uw ( h 2 A&2 +( h 2 A)

Ge = ul+ [pf' (h-, AO' )e + ( h, AO)

GP=+ I jP _ (hA&) c ( h A 1) I
u p, (h 1 AG) + P(h, A')]

G iu (h 1 AO') w+ ( h A ) jw
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u +I (h3,,. &) k +pk(h 3 AO) 11tr I + ( h ,A &e ) k ' ( 6 ) k+1 I

f [Pi_,,kl (h3 &"0 ) + P,_,(h 3 A3) ] 1
j (i 

=h. ) k + ( h 3  &0 3 ) k+I

t - (h 3 A 3 ) + P+(h 3 &) I
G b. u 3 [ kI (h 3  A' ) k k+ h 3  G) k-It I-.=,- ( h 3A,3), ( h 3 A ) 11

The final mass flow rates for the control volume surfaces are:

CE = o.5 (G. + G (h, O) * (h,,e&3) C

cW = o.5 (G +G ) (h 2 AO) . (h 3 Ae) (3.64)

3 [n{ (h, A6). + G. (h, A 1 )]

Cs = (h, A01) (h 3 AB )

,~~ {o h, A0).+ °(, ).
CS = (h,A e h { ') [(h,," ') + (h , e')]

aF= (h, A&) (h 2 AO) (hAO') +(h0') J
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b [(hIA ) (hA )

The local viscosity becomes:

V'Sc = VIS

vIsw = vIs,_i

V = (VS 1~1 + VIS + VIS,. J+1 + VIS1,1) (3.65)
4.0

VIS= (VISJ-1 + VIS + VISt-1 J- + VJS11 )
4.0

V =(VJSk + VIS + VISI1 + + VS-)
f 4.0

V =(VIS k-i I + VIS iI.k-1 + Id
Vb =4.0 VS 1

VISI =VIS * h2AO 1

h 2&02) (hA93

VISEI =VIS *[( hi2 A9I (3.66)
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wswl = v~ , O' o) (h, AO' )

hi AO1

*(h 2 AO') (h, AV3)

VISFI=VIS*(A') (h 2 A 2 )
f

vis -vis , A h , AO')( ')]
VISB1=VISh 3 O 3)

The coefficients for the momentum equations are:

A = =AU UI
EER EE 1+2

AWW = AU Ul~

NNR =AN * 2 (3.67)

uN J+

A =As * uI
SR SS J-2

A = A F * U'.

u I

A =AU * Uk

BB 3 B k-2

The values of the coefficients A are given as:

u

AE = A + VISE1

A' = A + VISWI
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r

U

AN = AN + VISNI (3.68)

A s =AI+ VISSI

U

A - A + VISF1
U

AB = A1 + VISB1

The value of AUp is the summation of all of the values of A:

Au=A' +A' +Au +Au +Au +Au +Au +Au +
p E W N S F B EE WW

+ AU +Au +Au +Au
NN ss+F BB (3.69)

The source term is given as:

_ _ ___ __ ___ ___ __ AV u(S, = --- - * u+
[(, O'C+ (hi A )] At

+ (h 2 Ae2 ) (h 3 AO3 ) k( pi-I -P)+A EER +A W +A NNR +

+ASSR +ArTR +A B R +RE -RW +RN -RS =RF -RB +

+RRY + RRZ-RRX - Buoy *{sin [ZC (K) ] *(p- pw) *

* (h AO')w *cos[XC(l}+ {(p,_ -p,_) (h, A01) * (3.70)

•COS[XC(I-1)]} /[(h, Ae')w+(h Ae)5AV
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with XZ and ZC as the center of the basic cell. The additional parame-

ters are given below.

a (1 )- u ,_) *VIS ]

RW = (h, AO' h. AO) ,-(uh AO')

RN = (h, AO1 h3 AG )~ '- (uy 1 -us) *VISnl

RW L (h x .e2 ) j (3.71)

[12 (u' ul )*VIS,RN (,,& h ,&O n( h2 A") (3.Sal

RS= (hA&O' h2 A&O) () VIS]

-h ) (h A)

y -0 .5 ( ok + 1 _

_2 (h, AG1)w + _,(h AO')

3 b

= (hIAO') + (h , '1

C ,(3.72)
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a 1 (h, AO') + (h AO')

w

AU = u
u (h 2 A)

+ u2 (h 2 A) 1

AU2= 2 ' (h AO')
2 (h 2  ) 1 (02

2,1_., (h 2 Ae2) + u,_, (h2 Ao')
+ ( (h),() ')

(h (3.73)

[(h, AO') + ( h, A")w]
SU+O(hA 3 ) +ua,(h 3 A0 3 )

AU3 --- (h k 3(h, &')w-2 (h3 A&)

A u 3 h  k (hA A+U)3_ / A

[u i... k+ (h3 A8k: :( 3  A -
2 ( hh3 A0 3 )

4 (h, AO') + (h, A").]

p(h, A0) + p (h A ')
AR (h1 A') + (h, Ae')

w c

ARU 2 = AR * AUI * AU2
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ARU 3 = AR * AU *AU3 (3.74)

ARU22 = AR * AU2 *AU2

ARU33 = AR * AU3 *AU3

RRY = 12 ARU 2) (h2AO) [(h O') -(h AO').

RRZ 13 - R )( h 2AO')(h AO'), - (h, AO')

RRX= ;a2 2 -ARU22) (h,,AO') [ (h 2 A0 2 ), -(hA02 )] +

+(;a 33_ARU33) (h 2 A2 (hA6),- (h 3 A) (3.75)

The momentum equations in the other two directions can be

similarly obtained.

G. PRESSURE CORRECTION

One difficulty encountered in employing primitive variables is the

difficulty in calculating pressure. In a closed system, such as FIRE-i.

there are two causes of changes in pressure. First, there are pressure

changes throughout the field due to a net energy change in the system.

To account for these changes, a global pressure correction is applied.

Second, there are pressure changes locally which determine the

velocity field. A local pressure correction is included to account for

these changes.
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1. Global Pressure Correction

A global pressure correction follows from the two-dimen-

sional scheme developed by Nicolette, et al. [Ref. 41. Overall pressure

levels are increased or decreased depending upon whether energy is

added or removed from the system. Since the volume and mass of the

system are constant, the sum of the local density times the local vol-

ume will be constant, and equal to the equilibrium mass. Summing

over all of the cells,

p- (AV), p,,,, (AV) (.6
t 1 (3.76)

with n indicating any time and EQ indicating equilibrium.

Assuming a perfect gas, density Is a function of pressure and

temperature only, since volume is constant. The actual values of pres-

sure and temperature at any time are the sum of an estimated value

and the global correction.

P= P" + P'9 (3.77)

T = T" + T'g (3.78)

with superscript * indicating the estimated value and superscript '

indicating the global correction. By applying these two equations and

the perfect gas law along with Eqn. 3.76. the global pressure correc-

tion becomes:
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p(AV- p AV
1P-

Pg= XAV (3.79)

This correction is added to the estimated value from the previous time

step, and iterated until a globally corrected pressure is obtained which

conserves mass in every cell.

2. Local Pressure Correction

An iterative method involving the mass conservation equation

is used to find the local pressure. Patankar [Ref. 35:pp. 120-126] and

Doria [Ref. 34:pp. 26-321 describe the method for determining the

local pressure correction. Initially, the pressure field is guessed or

the previous pressure field is assumed. Then velocities are calculated

based upon this assumed pressure distribution. Knowing the veloci-

ties, the mass source term, Smp (also called residual mass), is calcu-

lated for each cell. The magnitude of the mass source term and the

sum of the absolute values of every cell's residual mass serves as a

check on the conservation of mass within each cell and through the

entire flow field. If Snp is close to zero, the guessed pressure field is

satisfactory; if not, a local pressure correction is calculated and the

process is repeated until Smp is within the desired range. Once a sat-

isfactory pressure field is found, the densities for the next time step

can be found using the equation of state.

Similar to the global pressure correction, the actual pressure

equals a guessed pressure (superscript *) plus the local pressure cor-

rection (superscript ).
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P=P" +P' (3.80)

The finite difference equation for the pressure correction

takes on a form similar to the other finite difference conservation

equations. The equation for P' is:

I,
Ap PP = A E VE +A w P'w +AN 'N + As Ps + AF PF +

+AIP'3 -SM p AV (

with

PC (h2 AC' h, A0, )2

AE = Pc (h 2  A V(3.8)-' 4V(3.82)
(Ap,.+ pe-4 -)

2

Pw (h 2 A4C? h, AO' )2

Aw (L1 AV w (3.83)
A P+ P W-E-

, ) )
pn* (h, AO' h, AO )

A = n
AN ( (3.84)

As 2( AV (3.85)
A + p--E-
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Pr 
)

A(, AO' h. AO)
AF A (A3 + PrA) (3.86)

Pb (hi AG' h 2 AO2 )

A B (Au + PbAV- (3.87)

Ap = AE+ AW+ AN+ As+ AF+ A B (3.88)

At the solid boundaries where the mass flux is zero, the coefficient A

which corresponds to the boundary is equal to zero. When the final

corrected pressure field has been calculated, new velocities are found

from the following equations.

ul = Uj" + u (3.89)

u 2 = u 2" + u 2 ' (3.90)

u 3 = u 3 +u 3 ' (3.91)

with

u 1 ,  (PP -P) (h 2 Ad h 3 AO 3)

U1 AV
Pw (3.92)
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u2 "  (PP-P.) (hI AeI h3 A )

U AV
Ap 4- p(3.93)

u 3 ,  = (P P b) (hI AOI  h 2  AO2 )

U" AVAp + P A (3.94)

Smp is then computed; if it is within the desired range, the

calculation is complete. Otherwise a new P' is calculated and the pro-

cedure is repeated.

H. VENTILATION EQUATIONS

When forced ventilation is introduced, the velocity equation for

the control volume containing the ventilation becomes:

Ap up = AeuC+Awuw+Anun+ As u. +

(3.95)
+Af Uf + AbUb +SU

with

A--120
AP=1 20 (3.96)

Su = specified velocity 102o (397)

this causes the velocity in the control volume to be equal to the

desired values for ventilation, and not be affected by the upwind or

other adjacent velocities.
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The boundaries of the control volumes with specified velocity

require special consideration. The equation for the downwind control

volume becomes:

Au -- Aeue+Awuw+Anu +A Us+

(3.98)
+Af uf +Ab u +SU

with the starred values defined as:

A b = 0.0 (3.99)

Su* = Su+Abub (3.100)

This causes the ventilation to be the only effect from the upwind cell

and represents a fixed velocity internal ventilation system. The equa-

tions for the adjacent control volumes whose boundaries are parallel to

the flow must also change. For example, the equation for the control

volume north of the specified ventilation control volume becomes

Apup = Aeuc+Awuw+Anun+A*us+

+ Af Uf + A b Ub + S*u (3.101)

with

Su = Su+ 2 u.A. (3.102)
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A*. 0.0 (3.103)

This boundary equation makes the velocity in the entire volume

constant, rather than varying between the staggered cell center and

the boundary.
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IV. EVALUATION OF NUMERICAL DATA

A. INTRODUCTION

The computer model presented here was designed to model fires

in the experimental pressure vessel FIRE-1. The theory of the model

has been given in previous chapters. This chapter will describe the

modeling of a fire with internal ventilation in FIRE-1. Although such a

fire test has yet to be experimentally run, this study will demonstrate

the feature of internal ventilation in the computer model. This is one

step to make the model more accurately represent real fires. The

parameters used in the study will be presented in this chapter and the

numerical solution process will be summarized. The effects of differ-

ent time steps in the computation will also be discussed.

Two trials were conducted, one with internal ventilation and one

without ventilation. A third trial was conducted using the ventilated

case, but with different time steps for the iterations.

Pressure, temperature, and velocity fields are generated from the

computer code. The temperature and velocity fields for various times

will be discussed for both the ventilated and nonventilated cases. The

global pressure and thermocouple temperatures will also be evaluated.

The thermocouple temperatures correspond to the temperatures

found at the location of the actual thermocouples in FIRE-I, in the

north end cap (shown in Figure 4.1). Additionally, the global pressure
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and one thermocouple temperature will be compared for the cases

with different time steps.

B. NUMERICAL SOLUTION PARAMETERS

Various parameters are input into the numerical model in order

to model a particular fire. These parameters include: initial condi-

tions, fuel heat release rate, location of the fire, geometry of the

enclosure, and physical characteristics of the enclosure, including

heat transfer coefficient and fluid properties inside the enclosure.

Other items could be added, depending upon the complexity of the

model: decks, equipment, fire extinguishing systems, and combustion

parameters. These are planned to be added to this model in the

future. The location of sensors and the physical description of FIRE-1

is given in Chapter 1. The ventilation fan locations are shown in Fig-

ures 4.2 and 4.3. The material properties used in this thesis are listed

in Table 4.1.

The numerical model of FIRE-1 uses a cylindrical/spherical coor-

dinate s st-m shown in Figures 4.2 and 4.3. The grid is spherical in

the end caps, with 0, R, and 0 directions, and cylindrical in the mid-

section. with 0, R, and Z directions. There are 14 cells in the R

direction; one cell represents the tank wall and another is in the

vicinity of R = 0 and is used to avoid singularity at the origin. Each

end cap has six 0 cells; again, one cell is used to avoid singularity. The

mid-section has 18 Z (or 4) cells ard there are 20 cells in the 0 direc-

tion oriented counterclockwise. Although a finer grid could be used to
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Figure 4-2. Ventilation Location in Computer Model (End View)
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Figure 4-3. Ventilation Location in Computer Model (Front View)
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TABLE 4.1

SPECIFIC MODEL PARAMETERS

Wall Characteristics

Material ASTM 285 Grade C Steel
Thickness 3/8 inch

Specific Heat 0.1 Btu/ (Ibm F)

Thermal Conductivity 25 Btu/ (hr ft F)

Density 487 Ibm/ ft3

Fire Characteristics

Burn rate A Given Function of Time
Initial Temperature 35.6 C.

Initial Pressure 1.0 Atm

Location Center of FIRE-1
23.1 ft from end
3.21 ft from bottom

Ventilation Characteristics

1. Velocity 3.18 ft/ sec

Direction South to North

Location 11.1 ft from end
4.0 ft from bottom

2. Velocity 3.18 ft/ sec

Direction North to South

Location 35.5 ft from end
13.6 ft from bottom

give more accurate solutions, the limitations of the computer

resources required that the grid not be enlarged. Table 4.2 presents

additional information concerning the model parameters.
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TABLE 4.2

GENERAL MODEL PARAMETERS

Grid

Number of Interior Cells 6,720

Number of Tank Wall Cells 560

Number of Wall Radiation Zones 560

Number of Fire Radiation Zones 19
Cells in the e Direction 20

Cells in the R Direction 14
Cells in the 0 Direction (six in each end cap) 12

Cells in the Z direction (in the mid-section) 18

Time Step

Varied 0.0192-0.0288 Sec

CPU Time (I CPU hour) 0.6-0.8 sec fire time

External Heat Transfer Coefficient 15.0 Btu/ (hr ft 2 F)

C. NUMERICAL SOLUTION PROCESS

Two separate programs comprise this model; the first is a surface

radiation preprocesser program which calculates the view factors.

The main program is similar to that presented by Nies [Ref. 29:pp. 54-

57] and Raycraft [Ref. 30:pp. 96-971. The first part of the main pro-

gram establishes the initial parameters and inputs the view factors.

Then the effective viscosity is computed in Subroutine CALVIS. Every

two time steps, the wall radiation flux is recalculated. Temperature,

pressure and velocity are computed in subroutines using a semi-

implicit technique which solves the finite difference equations. Sub-

routine CALT is then called to determine the temperatures, followed
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by the computation of the pressure and global pressure correction.

Then the velocities and local pressure corrections are computed; the

local pressure correction updates the velocities. With the corrected

velocities, continuity is applied to each cell and the residual mass is

found. The sum of the absolute value of every cell's residual mass is

called the residual mass source, RESORM. The magnitude of RESORM

indicates whether the pressure corrections are sufficient. If RESORM

is too large, the program recalculates the velocities and pressures

until RESORM comes within the desired range. If RESORM is greater

than 10.0, the program stops because this only happens when there is

a stability problem. If this occurs, the time step must be reduced and

the program restarted using data from a previous step. To economize

computer time, the temperature, global pressure, and density are only

calculated every third iteration. The iterations continue until: (1)

RESORM is below the predetermined value, (2) the maximum number

of iterations has been reached, or (3) the CPU time presently available

is insufficient to complete another iteration.

D. VENTILATION RESULTS

The numerical model was used to evaluate two fire scenarios: one

included internal ventilation and the other did not. The specific

parameters of the model were discussed previously. The validity of

the ventilation model will be evaluated and the numerical results of

the internal ventilation case will be compared to the nonventilated

case.
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A direct comparison can be made by looking at the spatial and

temporal variations of the velocity and temperature fields. Although

these fields are three-dimensional, they are presented in a two-

dimensional form at three representative sections in the tank, shown

in Figure 4.4. Section A is the mid-section front view, which cuts the

vessel vertically along the axis (Y-Z plane). Section B is the mid-sec-

tion end view from the south end, cutting the vessel through the mid-

dle of the vessel, perpendicular to the axis (X-Y plane). Section C is

the section view at the base of the end cap from the south end, which

is also cut perpendicular to the axis but at the intersection of the

cylindrical and spherical portions of the tank (X-Y plane). The venti-

lated and nonventilated temperature and pressure fields for the times

30, 60, 90, 120 and 150 seconds are shown in Figures 4.5 through

4.35.

Many observations can be made in analyzing the field plots, but

only the major phenomena will be discussed here. Raycraft, et al. [Ref.

381 discuss the results of the nonventilated computer model. In this

thesis, discussion will be limited to comparisons of the two cases and

some general comments. Particularly interesting phenomena include

the flame plume, global velocity field, ventilation effects, temperature

stratification, and the velocity field in a small region near the base of

the flame plume during the beginning of the fire.

As can be seen in Figures 4.5 through 4.8, the flame plume is well

formed early in the fire in both the nonventilated and ventilated cases
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Figure 4-4. Location of Cross-Sections Used for Isotherm and
Velocity Field Plots
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and it dominates the local velocity field. As can be seen in Figures

4.12 through 4.33, the plume continues to dominate the field

throughout the fire. The plume begins at the heat source and flows

straight up until it reaches the ceiling, then it divides and flows

towards either end of the vessel. In the local area of the fire, there is

some entrainment of the field due to the plume flow. Due to the

strength of the plume velocity, and the absence of any strong global

circulation, the flame plume divides the velocity field in half, isolating

the north and south regions.

The flow in the hot ceiling layer does not appear to have strong

enough momentum to carry it into the lower half of the tank, even in

the south end, where the fan augments the flow. Instead, the flow

recirculates into the tank interior, resulting in a downward-biased

flow. It then returns to the fire region in a somewhat spatially oscilla-

tory path. As can be seen in Figures 4.8, 4.10, and the other end views

of the velocity field, there is a spiral flow circulation pattern in the

ventilated case. This creates a more stagnant region to the right of

the vertical center line. Figures 4.7, 4.9, and the other end views of

isotherms show higher temperatures in this stagnant region because

the heated fluid is not being convectively transferred. It also makes

the conductive heat transfer through the tank wall in the region more

important, as the temperature is higher. In the nonventilated case,

the flow fields and isotherms appears to be symmetric about the verti-

cal plane.
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As mentioned previously, the velocity of the fans is a constant 3.18

feet per second. This velocity is on the same order of magnitude as

the flame plume, but since each fan is directed only toward the end

caps, their impact on the global velocity field is not significant. The

fan entrainment creates only a small local disturbance to the global

flow pattern. The north fan outlet, in the lower region of the vessel,

has little effect upon the global velocity since the global velocity in the

region is very small, as seen in the nonventilated case. The fans effect

the heat distribution locally, as discussed in the next paragraph.

Figure 4.5 shows a hot layer along the ceiling of the tank, with the

temperature highly stratified in the upper region. The lower two-

thirds of the tank are still near the initial temperature. This tempera-

ture distribution is exactly what the velocity field suggests, flow only in

the upper third of the tank, and little flow in the bottom two-thirds.

In Figures 4.12, 4.18, 4.24, and 4.30, the temperature stratification

continues, but the heated fluid is slowly progressing toward the bot-

tom of the tank. Even at 150 seconds, Figure 4.30 shows that the first

isotherm, representing 15 degrees Centigrade above ambient, is only

at the middle of the tank. The bottom half of the tank experiences

very little temperature increase. In the ventilated case, the isotherms

in the north end cap are higher than in the south. This can be attrib-

uted to the fans at either end which push up the heated fluid in the

north end and push down the heated fluid in the south end. The

effect is limited to a small region in the end cap because the fan

velocity is relatively low and the flow is parallel to the isotherms.

109



Since flow is along the stratification, very little mixing of different

temperature gases occurs except in the end caps, where flow is forced

into a single region. Had the fans been oriented in a direction not

parallel to the isotherms, one would expect the temperatures in the

lower portion of the tank to be more affected.

One anomaly which appears in the ventilated case is the second

circulation at the base of the flame plume on the north side seen in

Figure 4.11. The flow in this region is flowing away from the flame

plume until it turns upward as it hits the flow returning to the plume

from the end caps. It is believed that this is a transient phenomena

due to the interaction between the fan and flame plume entrainments.

As can be seen in Figures 4.6 and 4.13, the phenomenon has disap-

peared. Additional data for a time of 45 seconds, not included herein,

shows no indication of the second circulation pattern. The effects of

this second circulation pattern can be easily seen in the temperature

field in Figure 4.11.

Figures 4.36 through 4.39 present the data from the ventilated

and nonventilated cases. Figure 4.36 shows that the global pressure in

both cases is not very different. The differences can be attributed to

two causes. First, the entire field is not at a thermodynamic equilib-

rium state, and the relationship between the global pressure and a

field not in thermodynamic equilibrium is only an estimation. Any

change to the field which would closer approach equilibrium, such as

the mixing due to the fans, would affect the global pressure. Second,
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the fire is still in its first stages, and the entire field is rapidly chang-

ing. This dynamic situation, along with the approximations inherent

in modeling, can also account for differences in the ventilated and

nonventilated fields.

Figures 4.37 through 4.39 show the thermocouple temperatures

versus time; the results are similar to the pressure, with the ventilated

case increasing more slowly but then catching up to the nonventilated

case, exceeding it at around 80 to 110 seconds. Since the thermo-

couples are in the north end cap, they are in the area in which the

isotherms are pushed upward by the fan. This could explain why the

temperatures are lower in the ventilated case. The temperatures

exhibit some local fluctuations which could be the result of thermal

instability associated with thermal plumes [Ref. 37]. In Figure 4.39 it

appears that there are large oscillations, but the scale on the graph is

smaller so that the temperature oscillation of all three thermocouples

is in the same range. These oscillations appear in both the ventilated

and nonventilated cases.

In most numerical models, the time step is an important factor. A

small time step uses too much computer time, while too large a time

step results in instability of the model. In this study, two trials were

conducted with different time steps. In the first trial, a time step of

0.0288 seconds was used up to 40 seconds of fire time, and then the

step was reduced to 0.0192. In the second trial, the beginning time

step was 0.1152 seconds until 6 seconds of fire time, when the model
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became unstable. At that time, the time step was reduced to 0.0288

and further reduced to 0.0192 near 80 seconds, when it again became

unstable. Figures 4.40 and 4.41 show the global pressure and temper-

ature of thermocouple number 1 versus time for both trials. Note that

the curves are coincident for the first 20 seconds, then diverge until

approximately 90 seconds, when they begin to converge. At the end of

the runs, both the pressure and temperature appear to become coin-

cident once again. Since the only difference between these two runs

was the time step difference, it is evident that time step does affect

the transient results in this computer model. Also interesting is that

it appears that solutions using different time steps would become the

same after a long period of time.
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V. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

Several conclusions may be drawn from this simulation model of

the FIRE-1 test facility with ventilation:

1. The ventilation model has been successfully incorporated into the
numerical model of FIRE-1. The local velocity fields in the
region of the fans exhibit a realistic behavior. The global effect of
the fans is small due to the relatively low velocity and because the
flow is parallel to the isotherms.

2. The global flow field exhibited appears realistic. The fire plume
increases the gas velocity upward, resulting in a ceiling jet which
is the dominant flow in the field. The flow recirculates within
the field with minor variations caused by the ventilation.

3. The isotherms depict the concentration of hot gases in the top of
the field. These hot gases stratify and slowly diffuse downward as
time progresses. The isotherms are affected by the ventilation in
the end cap region, where they are pushed upward or downward.

4. A small change in the time step makes a discernable difference
in the transient solution. With different time steps, the transient
solutions are different. When the time steps are the same, the
previously diverging transient solutions appear to converge and
become coincident.

B. RECOMMENDATIONS

The following recommendations are made for future work on the

numerical model:

1. Additional FIRE-i experiments are needed to better validate the
numerical model. Accurate heat-release rate data must be
obtained and included in the model, instead of using a synthe-
sized rate. Additionally, sensors should be placed at different
locations in the vessel to better validate the numerical results
throughout the field.
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2. Develop and incorporate additional models to simulate physical
phenomena such as gaseous radiation and combustion.

3. Continue to expand and validate the model to include decks,
equipment in the space, and fire-extinguishing systems.

4. Since the model uses an extensive amount of computer time, it is
imperative that the numerical model be transferred to a super-
computer or a dedicated mini-computer.

5. The ultimate goal of this project is to develop a computer model
for predicting fire and smoke phenomena in shipboard situations.
Completion of this goal will offer ship designers and engineers
with a valuable tool to design and build safer ships and
submarines.
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APPENDIX

COMPUTER PROGRAM

c *4444*4******4****4*H4*******~* 00000100
C * *00000200

C **THREE-DIMENSIONAL NUMftERICAL SIMULATION4* 00000300
C * OF A FIRE SPREAD INSIDE A NAVY STORAGE TAW(* 00000400
C * *00000500
C *4DEVELOPED BY 4400000600

C *4H.Q. YANG AND K.T. YANG *400000700

C *4*00000800

C *4 DEPARTME14T OF AEROSPACE A MECHANICAL ENGINEERING *400000900

C UN .RIVERSITY OF NOTRE DAME *400001000

C **NOTRE DAVIE, INDIANA, 4.6556 *400001100

C **4 00001200
C *4DEC. lq86 *400001300

C 4 *00001400

C *4**44*******4***4********4****** 00001500
C 00001600

C0Ot10N/R4/XC493),YC(93),ZC193),XSI93 ),YSg93)PZS(93), 00001700
a DXXC(C93),DYYC(93JDZZC(93),0XCXS493J,0YYS(9lIDZZS(93) 00001800
COt*ION/SL1/OX,CY,DZVOLOTlIME ,VOLOTTHOTTCOOL ,Pl ,Q,QR 00001 900
C0.~iN/BL7/NI ,NIP1 xNIM1 ,NJ ,NJP1 ,NJM1 ,ta( ,MP1 otA(M1 00002000

& tNlP2,NjPZ,NKPZ,NA,NAP1,NAMli, PN1,NBM,KRU,NCHIP,NJRAW.RP 00001,100
CLO?N/BL12/ NWRITE ,NTAPE ,IJThAXO NTREAL ,TIME ,SORSLXI.ITER 00002200
CCMt01/BL14/HCOEF ,TINF ,CtT,ABTUR3,BTUP!B,VIS-LVISMAX,QC0RP.T,PM1 .PM200002300
COw.ON/BL16/ COUS-T1,CON4STZ,CONST3,CONST4,CONSTbNT,UO.,UGRT ,BOY ,00002400
& CPOj,PRT,CONOO,.VISO,RHOO,HRTP,TA,DTEMP,THRITE,TTAPE,TMAX,GCRAIR0oOO25OO
C0t1MO.1/BL20/SGltZ2,1a,32i),SIG12I2Z,1o,32J,SIG22' 2,1o,32) 00002600
a ,SIG13122,16,321,SIG23ZS(',16,321,SIC,77,(Z,16,321 00002700
COttION/BL22/Z'CHPB(10 iNCHPI' 10 l,JCHPBf10j,NCHPJC1OjKCHPBI10J, 00002800
a NCMPI.t,10J),TCHPI 10OhCPSI 10 ,COt4S( 10),HFANI 10) 00002a00
COtM0MJ/BL31/ TODl Z2,16,32),ROD( 22,lo,32),POD(22,l6,32) 00003000

& ,COD('12,16v32)lJ0012Z,lo,32),V0012Ztl6,Z;Z),KOD(Z2,l6p32) 00003100
COtlMOt/B'L3Z/ TZ,,3,R2,,2)P2,,2100003200

COttlON/BL33/ TOZ,,3,ROZ,,3,Pr21,2 00003400
9 .CPO(22^,1,321,UPDIZ,',16,321.VPD(22,16,32),NP:)fZZ,16,32) 0000!500
C0Wt0'/L34./ HE~~2,~3lR~2,aZ,00007b00
1 M(2l,2,MP221,2,PZ,63j 00003700
& DU(2Z,''v,32,0Vl22,16,32l,Dtit2Z,lb,32) 00003800
COttOIBL3o/AP22 ,16,32joAEI2,l,b,321,AH12'2,16,32),AN(22,16,32), 00003900

A AS(22,1c,32),AF(22,1b,321,AaI22,16,32). 00004000
A SP(22,,16,32),5UI22,16,32),RI(2,t,,321 00004100
COttlON/8L37/ VISl22,16,32),C0ND(22,16,32JN0D(22,16,32),RNALL(S79)00004200
a ,CPMl2*16,32),HSZ(3921,NHSZt22vl6,32)*RESORtit93) 00004300
CO~tV40/BL38/NTIC0,XX12 J,CY(12 i,CZl12 e,NTHf12,3 1,TCOUPI12) 00004400
C0M.10'I/BL379/ALEH,PCURVE ,CONSRA ,PCURM1 ,PSOUJTH,QCORR,PERROR 00004500
DIME14SIO14 VFMXCI 579,579)I,T'.NALLI 579) 00004600
DATA NITLEFT,SORMAXXTIME,'TMAX/20'.00000,0.40,0.0,4/ 00004700

00004800
00004400o
00005000
00005100
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C ** UO REFERENCE VELOCITY (FT/SECI,1 FT/SEC 00005200
C *** RHOO REFERENCE AIR DENWSITY (LB/FT**j3 00005300
C ** H REFERENCE LENGTH IFT) 00005400
C *** TA REFERENCE TEMPERATURE IR) 00005500
C ** TINIT INITIAL TEMPERATURE 10) 00005600
C *** GC GRAVITATIONAL CON3TANT 00005700
C *** RAITR GAS CONSTANTS 53.34 00005800
C *** C T1STI RA*UO**Z/GC 00005900
C *** CONST3 INVERSE OF TA 0000oo0o
C *** CONST4 REFEREtCE LENGTH lCM) 00006100
C ** CONST6 REFERENCE VELOCITY ICM/S O 000200
C *** CONSRA TA**3/IRA*CP*UO*H*H) 00006300
C *-* NTRNR NTREAL/NHRITE*N*RITE 00006400
C *** NTRHA NTREAL/NHALT*NWALT 00006500
C *** HCO4N HEAT TRANSFER COEFFICIENT ON THE AMBIENT lBTU/H.FT**ZK) 00006600
C 00006700
C 00006800
C 00006900
C *** RADH: RADIUS OF THE CYLINDRICAL AND SPHERICAL SECTIONS 00007000
C CYL LENGTH OF THE CYLINDRICAL SECTION OF THE TAW 00007100
C *** NI TOTAL NUMBER CELLS IN THETA-DIRECTION 00007200
C NJ R-DIRECTION 00007300
C NK Z AND PHI-DIRECTIONS 00007400
C NA FIRST NUMBER Z-DIRECTION, ALONG THE CYLINDER AXISO0007500
C M : LAST NUMBER Z-DIRECTION, ALONG THE CYLINDER AXIS00007600
C *** HSZlll),HSZ(I,2) FIRST AND LAST COORDIANTE OF HEAT SOURCE 00007700
C IN X-DIRECTION (IN DIMENSIONLESS FORM) 00007800
C HSZ(Z,1)pHSZ(2,2) FIRST AND LAST COCRDIANTE OF HEAT SOURCE 00007900
C IN Y-DIRECTION (IN DIMENSIONLESS FORM) 00008000
C HSZ(3,)vHSZ(3,2) FIRST AND LAST COORDIAITTE OF HEAT SOURCE 00008100
C IN Z-DIRECTICN (IN DIMENSIONLESS FORM) 00003200
C 00008300
C *** ICHPBI ) STARTING NODAL NUMBER FOR SOLID IN THETA-DIRECTION 00OOE400
C JCHPBI ) R-DIRECTION 00008500
C KCHPB I Z OR PHI-DIRECTION 00008600
C * tCHPII : NUMBER OF NODALS FOR SOLID IN THETA-DIRECTION 000'8700
C NCHPJI ) R-DIRECTION 0000880
C NCHPKI ) Z,PHI-DIRECTION 000C8o00

0000O0O
CO070 0100

& gz& zaaaz&zz& zz&&&&& &&& aa&&&&&& &&&&& &z&g&&&&aa&z&&&&& 00000200

INPUT DATA & 0000C300
C &1a&&l3& && &&& &&&&a&&&&&&&&&&&&&&&&&&&&&z 000004 00

CALL INPUT 0000Q500

0000boO
C &&&&&&a&&&&&&&a&&a&&&&&&&&&&&&&& &&&&&& 00000700
C GENERATE GRID SYSTEM & 00009800
C &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 00000900

CALL GRID 00010000

00010100
C *ewslgnt;:setlgv#ttlslgwge~ggsr;llttlnetllel#ltlwgl#llgn 00010200
C *** READ VIEN FACTOR INVERSE MATRIX 1 00010300
C;fl#~g3R3W33;Wll;3;3#;3#1t33:tilfl3#;#i3#;tnltgl#llgsllgnelw 00010400

999 READ u1X,EN0=998) VFMXC 00010500
GOTO 999 00010600
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998 CC: IUE 00010700
REWIND 11 00010800
CLOSE (11) 00010900

00011000
C &z&&&&&&&&&g&&&a&z&z&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 00011100
C INITIALIZE THE WHOLE FIELD & 00011200
C &&&&&&&&&&&&&&&&&&&&&&&&a&&&&i&i&&&&&&&&&&&&&&&&&&&& 00011300

CALL INIT 00011400
00011500

C &&&&&&&&&&&&&&a&a&a&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 00011600
C START CALCULATION & 00011700
C &&& &&&&&&&&&&&&&& & & &&&&&&&&&& 00011800

00011900
NT=O 00012000

NTIM=O 00012100
00012200

300 CONTINUE 00012300
00012400

NT=NT+l 00012500
00012600

C **N NThAXO HAS THE MEANING AS "NTREAL" WHEN IT IS READ FROM 00012700
C DISK OR TAPE. 00012800

00012900

IF(XTIME .GT. TMAX) GO TO 303 00013000
NTREAL=tlT+NTMAXO 00013100
TIME=TIME+DTIME 00013200
XTIME=TIME*H/UO 00013300

0001300
00013500

ca&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 00013600
C CALCULATE THE TRAfSIENT HEAT INPUT & 00013700
C NOTE IF 1 IN PARENTHESIS, THE BURN RATE IS CALCULATED & 00013800
C BY THE PRESSURE CURVE. IF EQUAL TO TWO, THE BURN RATE & 00313900

C CURVE IS EITHER GIVEN OR ESTIMATED a 00014000
00014100

CALL CALQ(Z) 00014200
00014300

C * START CALCULATION 00014400
00014500

ITER=0 00014600
JTERM=0 00014700
JJTERM;O 00014800

0001'000
C DtFINE THE UPDATED TPD(I,J,K, CPDfI,J,KJ,RP(tIJ,KI 0001000

C U;DlI,J,K) AND VPD I,JK) FOR THE USE OF CALVIS ANfD SU(I,J,K) 000151C0
00015200

00 48 K=l,NP1 00015300
D3 48 J=I,NJP1 00015400
DO 48 I:1,IIP1 00015500
TPDO I,J,K ?=Tf I,J,K) 00015bO0
CPD( I,J,K )=Cl ,dJ,K) 00015700
RPOI I,JK I=Rt I ,JPK) 00015800
UPDIIJ,K I=U(I,J,K) 00015900
VPD( I ,J,K 12V1 I ,J,K) 00016000

HPO( I,J,K )JH(I,JK) 00016100

123



48 CONTINUE 00016200
29 CONTINUE 00016300

JTERt1iJTERM+ 0001t400
301 CONTINUE 0C016500

00016600
00016700

CA&&&&A&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& 0001o800
C CALCULATE THE RADIATIO14 HEAT FLUX AT EVERY NRAD TIME STEPS £ 00016900
Caza&8u&&&&&&&&&&&&&&&&&&&&& &&&$&&&&&&& I&&&&&&& &&8&&&&&&&z&&& & 00017000

00017100
NRAD = 2 00017200
IF IMODINTNRAD).NE.0) GOTO 4000 00017300
CALL RADHT(T4HALLVFMXC) 00017400

4000 CONTINUE 00017500
00017600

CIUI#S#St1ttttI 1t tI####flhIU~tt~tt~tIfft111t11fllSSI1 00017700
C CALCULATE THE TEMPERATURE 8 00017800

00017900
CALL CALT 00018000

00018100
00018200

C CALCULATE THE SMOKE CONCENTRATION & 00018300
00018400

C CALL CALC 00018500
00018600

DO 2000 J=1,NJP1 00018700
DO 2000 I:1,NIP1 00018800
DO 2000 K=pt,P1 00018900
IFITIIJ,K).LT.TCOOL) T(IJ,K)=TCOOL 00019000

2000 CON1TINUE 00010100
C .*ZYZZZ ,YXZZZZXXZZZZZZZZXX ZZXZZZZZ1Z [ XZZZZZZzx 000192o0
C GLOLE PRESSURE CORRECTION FOR ENCLOSED TANK AIR 00019300

C~;:;Y~Y~z'7~'z;"YY;?z;;'z/ /, //Y XX' .X~00019C400
CALL GLO3E 00019500

00019600
00019700

C CALCULATE THE TURBULENT VISCOSITY AND CONDUCTIVITY a 00014800

0001Q900
CALL CALVIS 00020000

00320100
00020200

C CALCULATE THE DEtJZITY * OC020300

000 20400
00 100 J:I,NJP1 00020500
DC 300 I=lNIP1 0000600
DO 100 K=1,NP1 00020700
IF INOOI,J,K).EQ.11 GOTO 100 00020800
AAAA=BUOY*UGRT*HEIGHTII,J,K 00020900
R(I,J,YI=(UGRT*PII,J,KJ+t1./EXPIAAAA)))/T(I,JK) 00021000

100 COTJTINUE 00021100
00021200

C$$$$$$$$s$$$S$$$$$$$ss$$s$sss$$$s$$$s$$$$$$$$$$$$$$$$$$$$$$$$$$$ 00021300
C CORRECT CONDUCTIVITY OF THE SOLID 00021400
CS$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ $$$$$$$*$ 00021500

IF (NCHIP.EQ.O) GOTO 410 00021600
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CALL SOLCON 00021700
410 CONTINUE 00021800

ooozlqoo
C .0002L000
C START PRESSURE CORRECTION ITERATIVE LOOP, IT IS THE MAJOR X 00022100
C PART OF THE ERROR CONTROL ROUTINE x OooZzoo
C ;00022300

00022400
ITER=ITER+. 00022500

0002600
00022700

C CALCULATE THE VELOCITY U,VAND N 00022800
00022900
00023000

CALL CALU 00023100
CC CALL STRESS 00023200
C * ********w* 00023300

CALL CALV 000Z3400
CC CALL STRESS 00023500
C *** ************** 00023600

CALL CALM 00023700
CC CALL STRESS 00023800
C * *** "** 00023900

00024000
C$$$$$S~$$$$$$$$$$$$ *$$$$$$$$$$$$$$S$$$$$$S$$S$$$$$$$ 00024100
C CALCULATE THE PRESSURE AND STRESS a 00024200
C$$$**$$$$$$$$ $$$$$$$$$$$$~ $$$$S$$$$$$$$$$$$$$$$$$$$$$$ 00024300

00024400
CALL CALP 00024500
CALL STRESS 0002C4600

00024700
CZ 00024800
C IF SOURCE TERM IS LARGER THAN 10.0, STOP PROGRAM X 00024900
C .. 00025000

IF tRESORt*iITERI.GT.10.0) GOTO 2020 00025200
00025200
000253C0

IF(RESORMfITER) .LE. SORMAX) GO TO 49 00025400
IFt7TER .EQ. 1) GO TO 302 00C25500
ITERttl=ITER-1 00025600
IF(RESOR(ITERI .LE. RESORM(ITER111)) GO TO 302 00057C0
GO TO 304 00025800

302 IFIJTERH .GE. 2) GO TO 37 00025900
SOURCE=RESGRMLITER J 00026000
CC TO 30 0002o100

37 IF(RESOPR(ITER) .LE. SOURCE) GO TO 38 00020200
GO TO 304 00026300

38 SCURCE=RE30RM(ITER) 0002O400
39 CONTINUE 00026500

NRITE(fo,95) ITER,RESORM(ITER ,SORSU 00026600
95 FORNAT(53X,*ITER=,ZZ,X,'SOURCE=',F9.6,ZX,'SORMUJP=',F9.6) 0002b700

DO 23 K:1,NKP1 00026800
DO 23 J=1,NJP1 00026900
DO 23 I:1,NIPl 00027000
TPD(I,J,V.=T(I,J,K) 00027100
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CPDII,J,K )=CtzJ,K) 00027200
RPDtI,J,K)%R(IJ,K i 00027300

UPDII,J,K )=U( I,J,K) 00027400
VPODI ,J,K f-V(IJ,K) 00027500
HPD( I ,J ,K )= (I,J,K) 00027600
PPD(I ,J,KJ=P(TI,J,K) 00027700

23 CONTINUE 00027800
JJTERM=O 00027900
IFIITER .EQ. IThAX) GO TO 49 00028000
IFtJTER1 .EQ. 2) GO TO 35 00028100
IFITER .EQ. 4) GO TO 29 00028200

35 CONTINUE 00028300
IFIJTERM .EQ. 3) GO TO 58 00028400
FIITER .EQ. 7) GO TO 29 00028500

58 CONTINUE 00028600
JJTERM=O 00028700
GO TO 301 00028800

304 CONTINUE 00028900
JJTERM=JJTERM+l 00029000
IFIJJTERM .EQ. 1) WRITE(6,95) ITERRESORM(ITER,SORSUIR 00029100
IFIJTERM .EQ. 1) GO TO 41 00029200
IFIJTERM .EQ. 2 .AND. JJTERH .EQ. 1 .AND. ITER .NE. 5) GO TO 41 00029300
GO TO 82 00029400

41 CO'ITINUE 00020500
DO 40 K=1,NKP1 00029600
00 40 J=1,NJP1 00029700
DO 40 1-1,NIP1 00029800
R(CIJ,K)=RPDI I,J,K) 00029900
UtI ,J,K )=UPM I,J,K ) 00030000
VtI,J,K I=VPD(I,J,KJ 00030100
NiI ,JK ):UPD[ IJ,K) 00030200
Pt I,J,K I=PPO( I ,JK) 0000300

40 CONTIUE 00030,400
IFIITER .EQ. ITMAXI GO TO 49 00030500
GO TO 29 00030600

82 COITINUE 00030700
00 43 K=1,NKP1 00030800
DO 43 J:1,t4JP1 00030900
DO 43 I=I,NIP1 00031000
T(I,J,K =TPD(I,J,K) 00031100
CtI,J,K I=CPD(I,J,K ) 00C31200
RII,J,KI=RPDtI,J,K) 00031300
U( I,J,K )=UPDtI ,J,K) 00031400
"I 1 ,J,K )=VPD( I ,J,K) 00031500
Nt I ,J,K )=HPD( I ,J,K) 00031 00
Pt I,J,K I=PPD( I,J,K ) 00031700

43 CONTINUE 00031800
IMIITER .EQ. "TMAX) GO TO 49 00031900
IF(IJTERtl .EQ. 3 .AND. ITER .NE. 8) .OR. JJTERM .EQ. 2) GO TO 49 00032000
GO TO 301 00032100

49 CONTINUE 00032200

00032300
ITERT=ITERT#ITER 00032400

Ctigw~ts#~g#;~;itnii*##~ttsti:stt##~*~t#g~ts~i 00032500
C GO TO THE PRESSURE TRACKING SUBROUTINE ,PRINT OUT 9 00032600
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C RESULTS IF AT THE RIGHT TIME INTERVAL 8 00032700
CS*S#S8##3#;8I#;sll#tS;l;t3fl8#itilwltttmi~r38Wlllnlttitr3h 00032800

00032900
CALL PTRACK 00033000
IF IMODINTREALoKRP).EQ.0) CALL OUTIl) 00033100

00033200
C .00033300
C FIND TEMPERATURES AT THERMOCOUPLE POINTS AND PRINT OUT X 00033400
C IF AT THE RIGHT TIME INTERVAL x 00033500

Cz.. .. ,.o °..°• ... .......... • ...... . .. • . . ......... .. 00033600
00033700

CALL TCP 00033800
IF IMOD)NTREALMNRP).EQ.0) CALL OUT(2) 00033900

2422 CONTItJLE 00034000
IF IMO0DNTREAL,'RITEI.EQ.OI CALL OUT(3i 00034100

C IF(NTREAL .EQ. NTREAL/NHRITE*N4RITE) CALL OUT13) 00034200
505 CONTINUE 00034300

IF((XTIMEDTIME*HAJO) .GE. MAX) GO TO 277 00034400
00034500

C * 4H *4**N I II 00034600
C CALL TLEFT(IT) 00034700
C 123 FORMAT)' ITLEFT z 1,110) 00034800
C ITO=IT 00034900
C IF(IT.LT.ITLEFT) CALL OUT(3) 00035000
C 4.*" *-'-- * *- *"**---** ****4-******--*4I * HH* -H.*-*- H 00035100

00035200
00035300

C * RESET THE OLD TIME VALUES TOO, ROD, UOD, VO AND POD. 00035400
00035500

00 305 K=IWP1 00035600
D0 305 J=l,NJPI 00035700
DO 305 I:l,NIP1 00035800
TOOt ,JKJ=T(I,J,K) 00035900
COO)I,J,K )=CI,J,K) 00036000
RODI ,J,K )=R( I ,J,K) 00036100
UODI I,J,K IUt 1,J ,K) 00036200
VO: ,J,K '=Vt I,J,K) 00036300
:ODI ,J ,K )~I= J ,K ) 00036400

PO0l Z,JK )=PI IJ,K) 0003b500
305 CONtINUE 00C3b600

00036700

C THIS KPITING IS FOR PLOTTINGS I 000369o0
cIl I lii 1111111 11111111111111t l111111 lll lll il li l~llt C0037000

ZFf IITREAL .NE. NTREAL/NTAPE*NTAPE )GTO 52Z 00037100
IWRITE=io 00037200
HK.ITE; IHRITE) 00037300
& TII"E,t4TREALT,R,U,V,H,P,CPM,CON9,VIS,QRIET,ITERTQCORRT,PM1,PM2, 00037400
& H,TA,U0,COND0,VISRH0O,tI,INJ,N:,NIP1,NJPl,NKP,N11 ,NJM1 NWM1,t 00037500
& XC,YCZC,XS,YS,ZS,DXXC,DYYC,DZZC,DXXS,DYYS,DZZS 00037600
HRITE)6,*) 'THE TIME WHEN THE DATA HAS STORED ON TAPE IS:', 00037700
& XTIME 00037800

00037900
c **4 ***--**---**H =*--**= *I*.*:--*-- 00038000

00038100
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00038z00
SZZ CONTINUE 00038300

00038400
C * ¥, *4**** = ***H*************..***** 00038500
C CALL TLEFT(IT) 00038600
C IF(IT.LT.ITLEFT) GO TO 166 00038700
C *** ************* ..4 00038800
C TIMREM IS USED TO CALCULATE THE CPU TIME REMAINING AT NPS 00038900

00039000
IF ITIKREM(O.).LE.80.) GOTO 166 00039100

00039200
GO TO 300 00039300

303 CONTINUE 00039400
Z77 CONTINUE 00039500

00039600
WRITEI6,1111 00039700

1111 FORMATI2X,'****** THE MAXIMUM TIME HAS BEEN REACHED * ',18) 00039800
GO TO 172 00039900

00040000
C 00040100

16t IFINTREAL .NE. NTREAL/NTAPE*NTAPE) WRITE(9I 00040200
& TIME ,NTREAL,T,R ,UV,W ,PCP,CONOD,VIS,QRNETITERT,QCORRTPMIPM, 00040300
& H,TA,UO,CONDO,VISORHOONItNJ,NK,NP,NJP1,P1,NIMNJM,NM1, 00040400
& XCYCZCXS,YSZSDXXCDYYC,DZZCDXXS,DYYSDZZS 00040500

REWItND 9 00040600
C * -] ***-*******------******4H1*.*.****-HHH* 00040700

00040800
GOTO 172 00040900

2020 CONTINUE 00041000
WRITE 16,*J * RESIDUAL MASS IS LARGER THAN 10.0, PROGRAM STOPS' 00041100

172 CCNTINUE 00041200
STOP 00041300
END 00041400

00041500
00041600

C _00041700
* ** *******4* ***********-**************-*** ¥ N"N. m~e *** **iv R* "; 00041800

SUBRO.UTINE INPUT 00041900
* *-******* **************.******************************"** * **** 00042000
* THIS SUBROUTINE SETS UP REQUIRED VALUES TO BEGIN THE PROGRAM. *00042100

VARIABLES ARE: *00042200
* KRUN HHEN EQUAL TO ONE,READ FROM THE *0004Z300
* RESTART DISK, ELSE FROM THE JCL *00042400
* tCHIP NUIBER OF SOLID PIECES *00042500.
*NRP NIIER OF TIME STEPS TO WRITE ON THE *00042600

PAPER *00042700
* NTHCO = hUMBER OF THERMOCOUPLES TO PRINT OUT *0004Z800
* TMAX MAXIMU TIME ALLOttED IREAL) *0004Z900
* THRITE SECONDS IN REAL TIME TO PRINT THE *00043000
* P,VT FIELDS ON PAPER *00043100
* TTAPE TIME INTERVAL TO WRITE ON THE TAPE *00043200

OTIME TIME STEP IDIMENSIO4LESS) *00043300
* HSZ HEAT SOURCE SIZE, USED TO CALCULATE *00043400

THE VOLUME OF THE FIRE CELL *00043500
ICHPB FIRST SOLID NODE IN THETA DIRECTION *00043600
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JCHPB = FIRST SOLID NODE IN R DIRECTION *00043700
*KCNPB = FIRST SOLID NODE IN PHI DIRECTION *00043800
*NCHPI NUAMBER OF NODES IN THETA DIRECTION *00043900

NCHPJ 2 NUMBSER OF NODES IN R DIRECTION *00044.000
*NCHPK Ntft$ER OF NODES IN PHI DIRECTION *000441.00
*CX,CY.CZ THERMOCOUPLE POSITI0ONS IN THETA,RPHI *00044200

* *********0004300

00044400
C0O /R4/XCI93)PYC(93),ZC(93).XS(93)PYS(93),ZSI93), 00044500
8 DC(931,DYYC(93),DZZC(93),DXXSI93,,DYYS(93),DZZS(93) 00044600O

COMMON/BL1/DXDyDZVOLDTIME ,VOLDTTHOT,TCOOLPI ,QQR 00044700
COflIO.NI'L7/NI ,NIP1 ,NIH1 NJ ,NJP1 ,NJtl ,(,PPte(H 00044800

t4,IPZPNJP2 ,MP2 ,NA ,NAPIRNAFIloNB ,NBP1 ,NBM1,KR)N ,NCHIP ,NJRA ,NHRP 00044900
COMMON/LIZ/ t*I$RITE ,NTAPE ,NTtIAXONTREALTIIE ,SORSI*1,ITER 00045000
C0Ot10N/BL14/MCOEF,TINF,CNTABTURBBTURB,VISL,VISMAX,QCORRTPM1 ,Pt120045100
COtON/BL16/ CONSTI ,CONST2 ,CONT3 ,CONST4 ,CON4ST6 ,NT ,UO ,N UGRT ,8UOY ,0004S200
A CPO,PRTCONDOVISO,RHOO,HR,TRTAPDTEMP,THRITE ,TTAPE ,TMAX,GCRAIR0004S300
COttON/L20/SIG11(Z:,16,32),SIG12gZ2,16,32),SIGZ'2zzIu,3zJ 00045400
& ,SIG13(2i,16*32),SIG23122*16,321,SI93;(ZZ,16,32) 00045500
COMMION/BL22/ICHPBI 10) ,NCHPI( 10) JCHPB( 10 ),NCHPJtl10),KCHPB( 10), 00045600
8 NCHPK)10),TCHP(101,CPS(10),CONSI1O),WFAN 10) 00045700
COtttON/SL31/ TOD(22,16,32),R00(ZZ,16,3Z),P0D(22,16,32) 00045800
a ,COD(22,16,32),U)OD(Z2,16,32),VOD(22,16,32),NOD(22.l6p32) 00045900
COt*ION/8L32/ TE22,16,32),R(Z2,16.3 ),Pt22,16,321 00046000

& ,C( 22,lb,3ZJ,U(22,1*P,3CJ,V(22slo,3ZJ,W(22,16p32J 00046100
COt'tON/BL33/ TPDtZZ,16,32),RPO(22,16,32JPPD(22,16,32) 00046200
& ,CPDI 22,16,32J,UPD(ZC1,16,32I,VPD(Z2,16,32i,NPDI22,16,32) 00046300
COttION/L34/ HEIGHT122,16,32)vREQI2ZZ16,32)o 00046400

a SMP(2Z,16,321,St1PPI22,16,32),PP(2,16,32), 00046500
& DU(ZZ,16,32),DVf22,16,32),DN(22,16,32) 00046600
COttOt/BL36/API216,32,AE(22,16,3Z),AH(22,16,32),AN(22,16,3Z), 00046700
a AS(ZZ,16,321,AF(22,16,321I,ASf2Z,16,32), 00046800
& SP(2,'Zlo,32),SU122,16,32),RI(ZZ,16,32) 00046900

COMMlOt/BL37/ VISI 22,lo,32),COID( 22,16,32),NIODI 22,16,32 IR}ALL(579 100047000
a ,CPM(22,I6,32),HSZ(3,2),NHSZ(22,16,321,RESORM(93) 00047100
COtfO/BL38/NTHCO,CX112),CYI1Z),CZU12),NTH(12,3),TCOJPIIZ) 00047200

00047300
00047400

C 11. READ IN DATA TO INDICATE EITHER KRUN=40 OR 1 00047500
READ(5p*) KRUNJ,NChIP,NHRPNTHCO 00047600

00047700
C 12. READ IN DATA SET 1 - 6 DATA 00047800

READ5B,*) TtIAXTHRITE ,TIAPE,DTIME 00047900
00048000

C 93. READ IN DATA FOP HEAT SOURCE 000'.8100
00048200

READ (S,*) HSZ(1,1),HSZ(1,2bvHSZ(2,1),HSZ(2,2I,HSZ(3,1I,HSZ(3,21 00048300
HRITE16,20) HS;Z(1,1),HSZ(1,2 I,HSZIZ ,11,H'ZZI2,2),,HSZ3,11,HSZ(3,2J 00048400

20 FORMIAT t/,20X,'HEAT SOURCE LOCATION IS IN THE VOLL~iE tNOu-DIME', 00048500
& 'NSIOtJAL WITH RESPECT TO RADIUS)', 00048o00
a /,SX,'FROI ',F8.4,' TO 'qF8.4,' IN X-DIRECTION', 00048700
a /,SX,'FROM ',F8.4,' TO ',F8.4,' IN V-DIRECTION', 00048800
& /PSX,'FRO1 ',FS.4,* TO ',F8%4k,' IN Z-DIRECTION',/) 00048900

00049000
00049100
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C t4. READ IN DECK DATA 00049200
00049300

IF INCHIP.EQ.0) GOTO 16 000449400
PRINT * 00040500
PRINT *,' THE REGION BOUNDED BY SOLID' 00049600
DO 19 N:1,NCHIP 00040700
READ 15,*) ICHPB(NI,hNCHPIINI,JCHPB(Nh)NCHPJ(NIKCHPB(NI, 00049800

8 NCHPKIN),TCHPINJ,CPSIN),CONSIN),WFANIN) 00049900
WRITE 16,10) N,ICHPB(N),NCHPI(N),JCHPBIN),NCHPJIN),KCHPB(N), 00050000

a NCHPK(N) ,TCHP(N J,CPS(N I,&EFAN(N J ,CON N I 00050100
10 FORMAT 12X,'N: ',12,1 ICHPB: 1,IZ, NCHPI: 'PI2, I JCHPB= ,12, 00050200

& NCHPJz 1,I2, 1 KCHPB= ,IZ, NCHPK: ',IZ, I TCHP= 1,F8.5, 00050300
&' CPS= 1,F8.5,/, I FAN x ',F1Z.5, ° CONS= ',F12.5,/) 00050400

19 CONTINUE 00050500
16 CONTINUE O0050bO0

00050700
00050800

C I5. INPUT THERMOCOUPLE COORDINATE 00050900
C IN TERMS OF X(THETA), Y(RADIUS),Z(PHI) 00051000

00051100
PRINT * 00051200
PRINT , THERMOCOUPLE POSITION IN TERMS OF THETA, R, PHI' 00051300
PRINT * 00051400
DO 110 I=INTHCO 00051500
READ (5,*) CX(II,CY(Z),CZ(Il 00051600
WRITE 16,*) I, CX(I),CY(I),CZII) 00051700

110 CONTINUE 00051800
00051900

RETURN 00052000
END 00052100

00052200
00052300

C 00052400
C * ***.**-*,**.***. ******* i******-****** 00052500

SUBROUTINE INIT 0005zo00
C * *** ,-***-*,*****,I-.*.,*.. **,HOOOSZ 00052700
.**********, ********,*.**..**********.,,******************************** 00052800

THIS SUBROUTINE INITIALIZES THE FIELD AND CONSTANTS WITH RESPECT *O0052Q00
TO INITIAL START OR RESTARTING CAPABILITY. *00053000

* VARIABLES ARE *00053100
TIME DIMENSIO:LESS TIME *00053200
U3 = CHARACTERISTIC VELOCITY (1 FT/SEC) *00053300

* H = CHARACTERISTIC LENGTH (RAOIUSI9.6FT)) *00053400
TR TEMP IN DEGREES KELVIN *0005!500

* TA TEtO IN DEGREES RANYINE *00053600
* VIso = REFERENCE VISCOSITY INONDIM) *00053700
* VISL = MINIMUM VISCOSITY INO:DIM1 *00053800
* VISMAX MAXIJHM VISCOSITY (NON3IM) *00053000
* HR RADIUS IN CM *00054000

CONDO REFERENCE CONDUCTIVITY *00054100
CO INITIAL SMOKE CONCENTRATION *00054200
NJRA POINT OF RADIATION IN J DIRECTION *00054300

*LOCATED ON THE INNER SOLID BOUNDARY *00054400
* HCONV HEAT TRANSFER COEFFICIENT *00054500
* HCOEF DIMENSIONLESS HEAT TRANSFER COEF *00054600
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. CONSTI USED TO NOND1MFNSIONALIZE PRESSURE *00054700
* RHOO - REFERENCE DENSITY *000 4800
* c GRAVITY CCW STA'T *00054900
* BUOY = BUOYAfrJY FORCE CONSTANT *00055000
* UGRT a PERFECT GAS LAA NONDIHEPSIONAL CONSTANT*00055100
* CPO • REFERENCE SPECIFIC HEAT *00055200
* t*RITE/ = NONDIMENSIONAL FORMS OF THRITE AND *00055300
* NTAPE TTAPE *00055400
* MATRICES OF THE FORM *00055500
* _O • DIMENSIONLESS PARAMETER AT OLD TIME *00055600
* • DIMENSIONLESS PARAMETER *00055700
* PD u UPDATED DIMENSIONLESS PARAMETER *00055800
* WHERE THE PARAMETERS ARE *00055900
* U,V,N z VELOCITY IN THETA, R , PHI DIRECTION *00056000
* TPC a TEMP, PRESSURE, AND SMOKE CONCENTRATION0005b100
* *00056200
* DU,DV,DZ : USED IN PRESSURE CORRECTION SUBROUTINE *00056300
* PP a CORRECTED PRESSURE (P') *00056400
* SU x SOURCE TERM *00056500

SP x TERM AT P NODAL POINT FOR BOUNDARY *00056600

* CONDITIONS *00056700
* AP z COEFICIENT AT NODAL POINT *00056800
* AE,AN,AN a COEFICIENTS AT PTS EASTHESTNORTH, *00050900
* AS,AFPAB SOUTH, FRONT, AND BACK *00057000
* SMP = RESIDUAL MASS SUMATION OF NODAL POINT *00057100
* SMPP • LENGTH SCALE FOR TURBULENCE *00057200
* CPM z MEAN SPECIFIC HEAT *00057300
* VIS : VISCOSITY *00057400
* COND CONDUCTIVITY MATRIX *00057500

NHSZ NHEN THIS VALUE EQUALS ZERO, THERE IS *00057600
* NO HEAT SOURCE LOCATED AT THE NODE *00057700
* NOD IF EQUAL TO ZERO, LIQUID *00057800
* IF EQUAL TO ONE, SOLID *00057900
* B,E BEGIt24ING AND ENDING NODAL POINT FOR *00058000
* THE SOLID IN I,J,K *00058100
* REQ CENSITY AT EqJILIBRIUM *00058200
* NP1: NODAL POINT IN I PLUS 1 (OTHERS SIMILAR)00058300
* XCYCZC THETA,R,PHI LOCATION OF NODAL POINT OF *0005S400
* A CENTER CELL *00C58500
* DXXC,DYYC 3 LENGTH AROUND THE CENTER CELL *00058600
* DZZC *00058700
* X3,YSZS : THETA,R,PHI LOCATION OF NODAL POINT OF *00058800
* A STAGGERED CELL *00058000
* OX'.S,DYYS LENGTH AROLRD THE STAGGERED CELL *00050000

* DZZS *00059100
* CXCYCZ LOCATION OF THERMOCOUPLE I?! THETA,R,PHI*00050200

COMiON/R4/XC( 93 ),YC(93),ZCI 93 I,XS93),YS 93 ),ZSI 93), 0005 1400
a DX>XC(93),DYYC(93i,DZZC(93J,DXY.S( 0

3),DYY5193),DZZS(93) 00059500

COMNON/BLl/DX,DYDZ,VOL ,DTIME ,VOLOT,THOT,TCOOL,PI ,QQR 00059600
COMION/BL7/14I ,NIP1 ,NIM1 ,NJ,NJP1,NJM1 ,NKN(P1 ,NKM1 00059700
A PNIP2 ,WJP2 ,tKPZNANAP1,NAM1 ,N3,NBP1,NBM1,KRUN,NCHIP,NJRAPNRP 00059800
COMt1ON/BL12/ NHRITE ,NTAPE ,NTMAXO,NTREALTIME ,SORSUM,ITER 00059900
CONMOI/BL14/HCOEF ,TINF ,CtT,ABTURB,BTURB,VISL ,VISMAXQCORRTptl ,PM200060000
COMtION/B L1e/ CONST1, CONST 2, CONST3 ,CONST4, CONST6,NT ,UO ,H ,UGRT,BUOY, 00060100
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ZCPO,PRT,CONDO,VISO,RNOOHR,TR,TADTEMP .TNRITC ,TTAPE ,TMAX,GC,RAIR00O60200
C0#9lON/BL20/SIGll(21p63)SIGZ2 ',16,32),SIG2ZZ2,1b,32 I 00060300

3 SIG13(2z,6,32),SIGZ3(22,lb,32),SIGZ3(2'.,1*9321 00060400
COt9ION/BLZZ/ICHPBE 10J,NCHPII 10 j,JCHPB( 10 I,NCHPJI 10 I,KCHPB( 10), 00060500

& NCHPKI 1ObTCHP(10 1,CPSI 10),CON!S( 10 I,WFAN( 10 1 00000600
COMtION/BL31/ TODl 22,l6,32),ROD(22,16,321,PO0(22.,16,321 00060700
a ,COD122,lt,,32),U)OI,',1632)VD22,lb32)*NDDI2Zj16,32) 00060800
COttlK4/i32/ TljI)jR,~3AP2,63I000b0900
a ,C122,16i,32),U(2,16,32),V(22,16,32,4122,16,32) 00061000
CO0"~O/L33/ TPD('2,16,32),RPDt22,16,32),PPD(22,lo,321 00061100
a ,CPD122,16,32),UPD(2Z,16,32),VPO(22,16,3Zj,NPD(22,16,32) 00061200
COtlOt4/BL34/ HEIGHTl22,l6,3Z)vREQ(22,16p3Z)v 00061300
& SMN(?2,16,32),S1PP(22,16,32)PPP(2Z,16,32), 00061400
A DU(22,16932),DV(22,16,3Z),DE(ZP16,321 00061500
COIIION/8L36/AP(22,16,32),AE(22,16,32)A~i'22,16s32),AN(22,16,32), 00061600
a AS(22,16,321,AF122,16,32),A8122,16,32), 00061700
& SP(22,16,32),SU(122,16,32h9RIlZZ,16,32) 00061800
COtMWB/L37/ VISt2'.,16,32I,C0NDE22163l,N0l221632)RKALL(S79)000bl90
a ,CPt(22,16,32),HSZI3,21,NHSZIZ2,16,32),RESORII(931 00062000
COMMON/BL38/NTHCO,CXI12),CYI12),CZI12),NTHU12,3),TCOUP(12) 00062100
COtIXO% N/BL39/ALEH,PCURVE ,CONSRAPCURtI1,PSOUTH,.QCORRPERROR 00062200
DATA GRAV/3Z.17/ 00062300

00062400
C ** INTRODUCE GIVEN PARAMIETERS 000b2500

00062600
TIMFO. 00062700
TR:TA/1 .8 00062800
H=9.6 00062900
vlso=VIso/UO/H 00063000
VISL=vzSO 00063100
VISIIAX=400. *VISL 00063200
HR:H*30 .48 00063300
C0N00O=VISO/PRT 00063400
P1'..*ATAN11. ) 00063500
ALE14 1.0 00063600
t4JRA:=15 00063700

00063800
C THE S~EAT TRANSFER COEFFICIENT IS IN BTU/HR/FT**2/F 00063900

Hcot4v:1s .0 00064000
HCOEF=HCO JV/I 3600.*CPO*RHOO*UO) 000b4100
CC = 0.0 00064200

00064300
00064400

CON\Srl=RH0O*UO*UO/( GC*14. 696*144. 1 00064500
CCI .ST3zl.8/TA 00064600
CONST4:H*30 .48 00064700
COIZTb=U0*30 .48 00064800
tlTMAXO=O 00064900

00065000
BLUOY=GRAV*H/I UO*UO) 0OI065100
UGRT=UO*UO/L GC*RAIR*TA 3 00065200
TCOOL=1.0 00065300
COtSRA=TA*TA*TA/( RHOO*CPO*UO*3600. )*1. 714E-9 00065400

00065500
WRITEI 6,200) TRC0NDOVISO,CPOHR,DTIME ,HCONV 000b5600

132



200 FORMATISX, 'THE REFRENCE TEMPERATURE AND THERMAL PROPERTIES'#/, 00065700
& /95X, 'T = I.FIO.4,'K, CONDO : ,E12.6, 00065800

a /,5X,'VISO ,EI2.6.' CPO ',EIZ.6, 0006b900
& /P5X,'RADIUS a 1,E12.6,1 CMv 00066000
& /PSX,IDTIME a ',E12.6, 00060100
& /,SX,'HCONV = 1,EIZ.6,/) OOOo6ZOO

00006300
N.lRTE :TWRITEW1lO/DTIME/H 0060
NTAPE :TTAPEqU/TIME/H O~6

00066500

WRITE(6,611 (STAR,1190),KRIN,TMAX,THRITE,TTAPE,44RP 00066800
61 FORMATt///,9OA1,/P5X,KRUN = ,12,/,SXP 00066900
& ITHAX ='.F8.3,1 SECONDSP/5X,TRITE =:,FS.3p 00067000

Z~2i2 .~,5.TAP PF8.3o, SECODS', 00067100
£/PBX,' NUMBER INTERVALS OF WRITING ON PAPER ,1 ISO/) 00067200

00067300
C N4 INITIALIZE VARIABLE FIELD 00067400

00067500
00 220 J=1,NJPI 00067600
D0 2210 I=1,NlPl 00067700
00 220 K=l,tIKP1 0006 7800
RODLI,J,K 1:1. 00067900
RtI,J,( 1:. 00068000
RPD(IJ,K)21. 00068100
UODI I,J ,K :0. 00068200
Ut I JK 1-0. 00068300
UPD(I,J,K 1:0. 00068400
VOO(I,J,KI:0O. 00068500
VIZ ,J) K 1=0. 00068600
VPDtl1 JK 1:0. 00068700
WtZJPK 1:0. 00068800
HWtnI I J,K :0. 00068900
110011 tJ, 120. 00069000
Porl I,J,Kl=1:. 00069100
P I ,J ,K 1:. 00069200
PPD(I IJ ,K 1:0. 00009300
OUI,J,K1:0. 0006-~"00
Dvt'I,J,r. 1=0. 000ev.. 3
LN 1 ,J ,K 1=0. 000e600o
SLI(I,J,r 1=0. 00069700
SPtl,J,K j=0. 00069800
PP(I,J,K 1:0. 00069900
AP(I,J,K 1:0. 00070000
AI'JI,J,Kl=0. 00070100
AE( IJK j:Q* 00070Z00
AN(t I ,J ,K )20 00070300
ASI I J,K 1:0. 00070400
AFII,J,K 1:0. 00070500
ABII,J,KI:0. 00070600
Sf!PtI,J,KJ:0. 00070700
SfI.PPI I ,J,K ) =0. 00070800
VISI I,J ,K lVISL 00070900
CONJDfI ,J ,K lCONDO 00071000
CPMI,J,KI:1.OEO 00071100
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TODI I,J.K D:1. OED 00071200
TI ,JK I=T0(I ,JIK• 00071300
TPD(I,J,?' i=TOD(IJK) 00071400
COO(I,J,K ICO 00071500

C( I,J,K )=CODI I,J,K) 00071b00

CPDI IJ,K I=COD(IJK) 00071700

NIIZ( I ,J,K 1=0 00071800

NODI I ,JK =O 00071900

220 CONTINUE 00072000
00072100
0007Z200
00072300

C ** DETERMINE THE POSITION OF HEAT SOURCE 00072400
00072500

DO 300 I=2,NI 00072600
DO 300 J=ZNJ 00072700

00072800
C CHANGE TO RECTANGULAR COORDINATES 00072900

XX=YC(J)*COS(XC( I)) 00073000
YY=YC(J )*SIN XC(I)) 00073100

00073200
C CHECK TO SEE IF IN HS CONTROL VOLUME, IF SO SET NHSZ=1 00073300

IF IXX.LT.HSZII,1).OR.XX.GT.HSZI1,21 GOTO 310 00073400
IF (YY.LT.HSZ(2,1J.OR.YY.GT.HSZt2,Z) GOTO 310 0007350(
NliS.7(IJ,16 1=1 00073600
NHSZ( I ,J,17 )1: 00073700

315 FORMAT (2X,1014X,14ZX,I4)I 00073800

GOTO 300 00073900
310 CONTINUE 00074000
300 CONTINUE 00074100

00074200
00074300

C "* DEFINE THERMAL PROPERTIES OF DECK AND SOLID 00074400
00074500

IF INCHIP.EO.O) GOTO 410 00074600
DO 402 N=:,NCHIP 00074700
IB:ICHPBI N) 00074800
IE =ZB+CHPI IN I-1 00074900
JP,=.'CHPBI N) 00075000
JE=J;+f'CHPJ N )-1 00075100
KS=KCHF2A Ni 00075200
KE:KB I-'CHPKt 1-1 00075300
DO 405 I:IB,IE-1 00075400
DO 405 J=JB,JE-1 00075500
DO 405 K:KB,KE-1 00075600
COND! I ,J,K =COND0CONS N) 00075700
CPM( I ,J.K )=CP0*CPS(NI 00075800
NOD( I ,J,K 3:1 '0C075900

405 CONTItAJE 00076000
402 CONTINUE 00076100
410 CONTINUE 0007b200

00076300
00076400
00076500

C '** FOR CONTINUING RUM, READ DATA FROM TAPE OR DISK 00076600
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00076700
IFIK 1N .EQ. 1) GO TO 9997 00076800
GO TO 15 00076900

9997 READ8,EN0m9998) 00077000
& TIME,NTII'X0,TODORODUODVODNOD,POD,CPM,COND,VISQRNET,ITERT,QCOR0077100
&RT,PI1,PML,X,XXXX pXXXX ,NI NJ, ,oNIP1,NJP1, NKP1,NIM1 ,NJM1 00077200
& ,NKtllXC,YCPZC,XStYSZSPDXXCDYYC ,DZZCDXXSDYYS,DZZS 00077300
GO TO 9997 00077400

9998 CONTINUE 00077500
RENIND 8 00077600
CLOSE (8) 00077700
HRITEI t6,* )NTMAXO 00077800

13 CONTINUE 00077900
00078000
00078100

C D DEFINE HEIGHT OF NODE POINTS AND COMPUTE HYDROSTATIC 00078200
C EQ( ILIBRIUIM DENSITY REQ(Z,J*K) 00078300

00078,00
00078500

DO 13 K=I,NKP1 00078600
DO 13 I=l,NIP1 00078700
00 13 J=1,NJP1 00078800
DHY=YC( J )*'IN XC( I) )*SIN(ZCIK)) 00078900
fiEIGHT(IJ,K J:DHY 00079000

13 CONTINUE 00079100
C 00079200

00 229 J=I,NJP1 00079300
DO 229 I=I,NIP1 00079400
D0 229 K=I,NP1 00079500
AAAA=-BUOY*UGRT*HEIGHT( I ,J ,K ) 00079b00
REQI I ,J ,K I=EXP( AAAA) 00079700
IF(KRUN .NE. 0) GO TO 229 00079800
RPO(IJ,KI=REQ.I,J,K)/TPDfI,JK) 00079900
ROD(IJ,K IRPD(I,J,K) 00080000
R!I,J,K I=RPD( I,J,K ) 00080100

229 CONTINUE 00080200
00080300

C ** INITIALIZE U,VT,R,P FIELD 00080400
00080500

00 210 K=INKP1 00080600
DO zlO J=1.NJP1 000.0700
DO 210 1'1,IJIPl 00080800
TiI ,J,K )=TOZD~I ,J,K) 00080900
C! 1,JV. :=COD( I ,JK ) 00081000
Rt I,J,K i=R0DI I,J,K) 00081100
Ut I,J,K ):UOD( IJ,K) 0001z0
Vt 1,J,K I:VODfI,J,K) 00081300
N(1 ,J,K I=OD(I,J,K) 00081400
PUX ,J,K )=PODOI,JK) 00081500

210 CONTItlUE 00081600
00081700

C m** FOLLOWING IS FOR DETERMINING THE THERIOCOUPLE POSITIONS 00061800
00081900

DO 5000 N=I,NTHCO 0008Z000
DO 5001 I:1,NIP1 00082100
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IF (XC(II.LT.CXINJ.AND.XC(II.1.GE.CX(NJ) GOTO 5002 00082200
5001 CONTINUE 00082300
5002 II:1 000824.00

00082500
D0 5003 Jz1,Njpi 00OCZ600
IF IEYC(J).LT.CY(N).AND.YCIJ+1J.GE.CY(N)) GOTO BU04 00082700

5003 CONTINUE 00082800
S004 JJ=J 00082900

00083000
D0 5005 K=1,NKP1 00083100
IF IZC(K).LT.CZ(NJ.AND.ZCIK.1J.GE.CZIN)I GOTO 5006 00083200

5005 CONTINUE 00083300
5006 KK=K 00083400

NTHIN,1 )=II 00083500
NTHNIN,2 )JJ 00083600
NTH(N,3 )=KK 00083700

5000 CONTINUE 00083800
00083900
00084000

RETURN 00084100
END 03084200

00084300
C ________________________________ 00084400
C ********************************** 00084500

SUBROUTINE CALVIS 00084600
00084700

C ** 00084800
* THIS SUBROUTINE CALCULATES THE TURBULENT VISCOSITY AND UPDATES* 00084900

THE VISCOSITY MATRIX * 00085000
***~****W********HH*******************4************* 00085100

00085200
CONIO/R4/XC(93),YCIO3),ZC(93),XS(93 I,YS(93),ZSE93), 00085300
a DXXC931,DYYC(9S'I,DZZC(93),D)C'S93),DYYS(93),DZZS(93) 00085400

COMM0N/BL7/NI ,UIP1iNIM1,NJ ,14Pl,NJM1,NK,,NKP1,NKM1 00085500
& PNIPZ ,NJPZ 7NKP2,NA,NAP1I *NAM1 NB,NBP1 ,NBfl11KRUNNCHIPPNJRA,NWRP 00085600
CO?if N/BL14/HCOEF ,TINF ,CNIT,ABTURB ,BTURBVISL ,VISMAX,QCORRT,PM1 ,Pt200085700
C0?t90N/BL16/ CONSTI , CONST2 ,C0NST3 , CONST4, CONST6 ,NT, UO,2H tUGRT, BUOY, 00085800
& CPO,PRT,CON4DO,VISORHOO,IiR,TR,TA,DTEMP,TWRITE,TTAPE,TMAX,GC,RAIR00085900
COIION/BL32/ T(2Z,1o,32),R(2',1b,32),P(22,16,32,I 00086000
& C2,63IU2,b3),(21,2,(21,2 0008t,100
COMM?'ON/BL3't/ H.EIGHT 22,l1),32bREQ(22,16,3Z,', 00066200
a M(2~b3 ,MP ~1,2)P(2,.,2I 00086300
& DU122,16,32),DV(22,lo,32),D;A(22,16,321 000&6400
C0M0N,'/BL3/API22,la,3Z3,AE(,2,16,321,AW(2Z',16,32I),AN(22,16,32), 00086500
& AS(22,16,32'),AF(22,16,Z' j,Aa(22,1b,32), 00086600

I SP(22,16 ,2J,SU(22,1b, 32),RI(22^,16,32) 0006o700
COtIMON/BL37/ VISE 22,lb,32 bCOJDI 22,16),32 J,NIOO 22,16,32 E,RHALL(579)00086800
& ,CPM(IZ2,16,323),HS;Z(3,ZbNHSZ(22,1b,,32j,RESORM(93) 00086900

00087000
00087100

C *W CALCULATE LOCAL SHEAR AND VISCOSITY VIS(I,J,K) 00087200
C 00087300
C ** SPECIFY LOCAL TURBULENT LENGTH SCALES SMPP(IJK) 00087400

00087500
D0 611 K=2,WI 00087600
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KP2=K+2 00087700
KP1=K¢l 00087800
KMI=K-1 C0087;00
KM2=K-2 00088000
DO 611 J=2,NJ 00088100
JPZ=d2J 00088200
JPI=J,1 00088300
JMI=J'- 00088400
JH2=J-2 00088500
DO 611 1=2,NI 00088600
IP2=I+2 00088700
IP1=I+l 00088800
IMI=I-1 00088900
IMZ=I.Z 00089000
IF II.EQ.2) IM2=NIM1 00089100
IF II.EQ.NI) IP2=3 00089200
IF INOD(IJ,K).EQ.1) GOTO 611 00089300

00089400
C CENTRAL LENGTH OF THE SCALE CONTROL VOLUME 00089500

00089600
DXP1=XL(IPI,J,K,0,0 00089700
DXI =XLII ,J,K,0,0) 0008Q800
DXA1=XLIIM1,J,K,0,0) 00089900

00090000
DYP1=YL(I,JP1,K,0,0) 00090100
DYJ =YL(IJ ,K,0,0) 00090200
DYH1=YLII,JHI,K,0,0) 00090300

00090400
DZP1=ZL(I,JKPI,0,0) 00090500
DZK =ZL(I,J,K ,0,0) 00090600
DZIII=ZLII,J,KMI,0,0) 00090700

00090800CC IF (J.EQ.21 OYS=OYS/2. 00090900
CC IF (K.EQ.2J DZB=DZB/Z. 00091000

IF IJ.NE.NJ) GOTO 101 00091100
JP2=JP1 00091200
DYN=DYN/2. 00091300

101 IF (K.NE.NK) GOTO 102 00091400
KP2=KP1 00091500DZF=DZF/Z. 00091b00

102 COJTINU E 00001700

00001800
C * CENTRAL LENGTH OF THE STAGGERED CONTROL VOLUME FOR T C0091900

00002000
DXE -XL(IP1,J,K,0,11 00091100
DXH :XL(I ,J,K,0,1) 00092200

00092300
DYN =YLII,JP1',K,0,21 00092400
DYS :YL(I,J ,K,0,2) O00QZ500

00092600
DZF :ZL(I,J,KPI,0,3) 00092700
0Z3 zZL(IJK ,0,3) 00092800

00092900
C *** CACULATE DV/DX,D2V/DXZDU/DX,DZU/XZDK/OX AND D2/DX2 00093000

00093100
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00093200
OUDX=t UI IP1,J ,K I-Ut I JK) /OXI 00093300
DUX=.5*(U(IP1,JK)-U!IMIJ,K)l/)O4 00093400
DUDXE=O.5*IUIIPZ*J,KI-UtI ,J,K))/DXE 00003500
DZUDXZ=( UOXE-DUDXH 3/OXI 00003600

0009L700
00093800

OVDXIz*1I V( I,JP1 ,K ).V( I*JK)-V( IK1,JP1,K I-V( IH1,JK) )/0D0 00093900
DvDxE=0.5*(vilP1,JPI,K ).VI IP,J,,K)-VEI,,JPI,K 1-VIZ ,J,K I /DXE 00094000
IDVOX0.5*I )DXE.DVD0)0' 00094100
DZVDXZ= 0VDXE-DVDX4 )/DXI 00094200

00094300
00094400

DHDXW=0.5*(I,J,KPIW(IJ,K)-W(IMJKPI-NI1JK))/)04 00094500
DNDXE=0.5*II'4IPI,J,KP1JNIIPI,J,K)-4(IP,JPKPl)-N(IJK))/DXE 00094600
DD=O.S*I DN0XE.DNDX'4) 00094700
D2IW0XZ= I DNOXE-DH'IXN 1/OXI 00094800

00094900

602 COTINUE00095000
602 ONTIAJE00095100

C 00095200
C** CALCULATE DU/DY,02,U/DY2,OV/DY,DZV/DY2,DH/OY AND D2N/DYZ 00095300

00095400
00095500

DVDYI(VIiJP1,K)-VII,J,K) )/OYJ 00095600
DVDYSO0.5*V(I,JP,K-VI,Jll,K) 1/DYS 00095700
DVDYt4=0.5*IV(IIJPZK)-V(I,J ,K))/DYN 00095800
DZVDY2=( OVOYN-OVDYS J/DYJ 00095900

00096000
00096100

DUDYS=O.5*(UIIPZJ,KIU(1,JK I-Ut IPIJ?1,K )-UIIJ111,K )/DYS 00096200
DUDYN=0.5*(UIIP1,JPlK)+U(I,JP1,KP-U(IPI,J,KI-U(I,J,K))/DYN 00096300
DUDY=G0.5*1 OUDYN.DUOYS) 00096400
OZUDYZ: (DUDYN-OUDYS I/DYJ 00096500

00096600
00096700

DNOYS=0.5*(HII,JKP1),WII,JK)-NII,JM1,KP1 P-NI1,Jt1,Kfl/DYS 00096800
0N0YN=0.5*lH(I,JPlKP1)+W(I,JP1,KP-H(IJKPl)-H(IJK))/DYN 000900o
DNDY=G.S*I DPDYN+DWDYS) 00097000
D2N0Y2: I 0WOYN-DN0YS )/DYJ 00097100

00097200
606 CONTIN~UE 00097300

00097400
C ** CALCULATE DU/DZDOOU/DZZDV/DZD2V/OZZ,DK/OZ AND DZH/UZ2 00097500

00097600
000;~7700

0WD0=2(II,J,KP1 P-N(I ,J,I )/OZK 00007800
DHDZF0.5*((I,J,KP2 I-NIIJK ))/DZF 00097900
DNIDZB0.5tIJ,KP1P-NtI,J,K1J)/DZB 00098000
DZHDZ2=(ONDZF-DHOZB I/OZK 00098100

00098200
00098300

OVDZ8c.*VI,JP,K).VII,JK I-V(IJp1KM1)-VII,J,KNI)/DZB 00098400
DVDZF.*VII,JPI,KP),VI,J,KPI)-V(I,JPJ,K)-V1IJ,Iej)/ZF 00098500
DVDZO .5*1 DVDZF .OVOZB) 00098600
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02V0Z2: I DVDZF-DVDZB J/OZK 00098700
00098800
00098900

DUDZ8=0.5*(UIXP1,J,K)+U(I,J,K)-U(II,JKM1I)-(I,JKMI))/DZB 00099000
DUDZF=0.5*(UIIP1,JKP1 I.UtI,J,KP1 I-U(IP1,JK)-U(IJK) )/DZF 00090100
DUDZ=0.5*I DUDZF+DUOZB) 00009200
DZUDZZ= (DUDZF-DUDZB )/DZK 00099300

0009 9400

A IDXE+DXH) 00099600
DRDY:((R(IJP1,K)-REQ(IJPIK))-(RIJM,K)REQ(IJ.1K)))/ 00099700
& (DYN+DYS) 00099800
DRDZ=IIfI,J,KPI)-REQII,J,KP)-gR(ZJK1)-REQ(IJ,K11)))/ 00099900

a (DZF+DZB) 00100000
D)RDGA=SINIZCIK I )(GIN(XCII)I)*DRDY+COSIXC(I Ii*DRDX) 00100100
& +COS(ZC(K))*R0Z 00100200

00100300
C * CALCULATE RICHARDSON NMSER 00100400

00100500
STRAIN=0UDY**2,DVDX**2,D0DX**2DVDZ**2,DWgY**2DUDZ**2 00100600
OD02 =SQRT( DUDY*DUDY+DUDX*DUX,0U0Z*DUDZDVDY*DVDYDVDX*DVDX, 00100700

& DVDZ*DVDZDHDX*OHDXOHDY*DNOYDHOZ*DHDZ) 00100800
IFIDDOZ.EQ.0.)GO TO 600 00100900

00101000
C *N CALCULATE TURBULENT LENGTH SCALE SMPP(IJ) 00101100

00101200
SMP123=SQRrU(U(IP1,J,KUI,J,KJ0.j**2+((VIJP,KIV(I,J,KJ0010130
& 0.5'**2,IIHIIJKP1I+N(IJK))*0.5I**21/0002 00101400
SMPP12=DDOZ /SQRT( D2UDX2*D2UDX2+D2UDY2*0ZU0Y2 00101500
& +DZUDZ2*D2UDZ2,02VDX2*D2VDXZtDzV.V2*D2VDY2,D2V0Z2*02VZ2+ 00101600
& DZHDZ2*D2WDZ2,OZNX*02NX2,02wDY2*02H0Y21 00101700
SMPP(IJKi=CNT*(SMP123+SMPP12 i'.S 00101800
RI(I,JK I=-BUOY*DROGA/(RtI,J,K)*STRAIN) 00101900
ABRIPR:ABTURB+RI(I ,J,K )/PRT 00102000
IF(AF'.IPR .LT. 0.) GO TO b00 00102100
IF(ABRIPR .EQ. 0.) GO TO 613 00102200
GO TO 610 00102300

600 VIS(I,JK):VISL 00102400
GO TO 611 00102500

613 VIS(IJ,KI=VISIAX 00102600
GO TO 611 00102700

610 VIS(I,J,KI=VISL.R(I,J,K)*SMPP(I,J,KJ*SMPP(I,JKI*SQRTISTRAINi/ 00102800
& (BTURB*ABRIPR) 00102900
IFIVZSiI,J,K) .GT. VISIIAX) VIS(I,J,K)=VISMiX 00103000

611 CONTINUE 00103100
00103200
00103300

00 110 I=1,NrP1 00103400
00 110 J=1,NJP1 00103500
VIS1Ip,NP1 )=VISIIZ,J,M() 00103600
VIStIJ,1 )=VIS(I,J,2 1 00103700

110 CONTINUE 00103800
00103900

00 120 Jz1,NJP1 00104000
DO 120 K=1,N(P1 00104100
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VISlNIP1,J,K )VIS ZJKl 00104200
VlS~i 1 JK )VISlNI,J,K) 00104300

120 CONTINUPE 00104400
00104500

DO 130 K:1,NKP1 00104600
03 130 I:1,NIP1 00104700
VIS( I NJPlK IVIS( I NJK) 00104800
VISlI2 ,K)=VIS(1,3 ,K) 00104810
VISII,l ,K~nVIS(I,Z ,K) 00104900

130 CONTINUJE 00105000
00105100

DO 135 Kzl,16 00105110
KK=WPl-K 00105120
D0 135 Iz1,NIP1 00105130
00 135 J1I,NJP1 00105140
VISI I,J ,KKJ=VIS( IvJ,K) 00105150

135 CONTINUJE 00105160
00105170

DO 140 I=1,NIP1 00105200
DO 140 J=1,.NJP1 00105300
DO 140 K=1,NKP1 0fl1OS400
IF (NOOII,J,KJ.EQ.11 GOTO 140 00105500
COND(I ,J ,K )=VIS( IJ ,K )/PRT OOIOS600

140 CONTINUE 00105700
00105800

RETURN 00105900
END 00106000

00106100
00106200

C 00106300
C ____________________________________________________ 00106400

C ****** ****** **4E******* 00106500
SUBROUTINE CALT 00106600

C *~ ******~*4lH~**~~*.***********w* 00106700
COt'tON/R4/XC193 ),YCI 93),ZC(93bXS(-31,YS(0 3),ZS193), 00106800
&DXXCI93hDYYCl3,ZZC93)0XXS(93)DYYS(93),DZZS(93) 00106900

COtION/BL1/DX,DY ,DZ,V0L,0TIE ,VOLDT,THOT,TCOOL,PI ,Q,FiR 00107000
COMM-*ON/BL7/N~I .NIPNIKI,,NJ,NJP1 ,NJM1,NKNKP,WI 00107100
S NIP2,NJPZ,N'KP2,NA,NAP1,NA'11,NBPNBPlNBM1,KRUNNCHIPNJRANi4RP 00107200
COtIMON/8L12/ tMWRITE ,NTAPE,NTMAXONTREAL,TI1E,SORSUJM,ITER 00107300
C0?1?10.'BL14/HC0EF ,TINF ,CN,',ABTURBBTURB,VISL,VISMAX,Q'C0RRT,PM1,PM200107400
COMION/BLlb/ CONSTI ,C0NST ,CONST3 ,C0I4ST4 ,CON ST6 ,NT ,UO ,H,UGRT,BUOY ,00107500

& CPO,PRT,C0N00D,VIS,RH0,HPTR,T.,TE1PT)'RITE,TTAPETMAX,GCRAIR00107600
COM!'ON/BL2/ICHPB(1O),NCHPII 10I,JCHP(10I,NCHPJ(10I,KCHPB(10), 00107700

& NCHPKI10),TCHP10C' ,CPS[ 10,CN'-10dFANI10 J 00107800
COMKIOI/BL31/ TODl 2Z,16,32l,RODE 2Z,16,32 lP00122,16,32) 00107900

t COO(2Z,16,32),UOO(22,16,32),V0D(22,16,32),NOD(22,16,32) 00108000
COtlr.OIVBL32/ T12,16,32),R(ZZ,16,32),P(22,lb,32) 00108100

£ C122,l6,32),U(22,16,32),V(22,16,32bpWlZZ,16,32) 00108200
COMtON/BL33/ TPD(22,1b,3Z),RPDl22,16,32),PPD(22,16,3Z) 00108300

S CPD(22,16,32)bUPOI22,16,32),VPD(22,16,32),NPD122,16,32I 00108400
COMMION/L34/ HEIGHTIZ2,16,32),REQ(22,16932), 00108500
a SMP(22,16,32i,StIPpI'22,6,32),PP(22,16,32), 00108600
& DU(22,16,32i,OV(22,16,32j,0H122,16,32) 00108700
C03t0N/BL36/AP(22,16,3Z),AEzZ,1l~,32),AH(22163Z,AN(Z21632), 00108800
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£ AS(22,16,32)tAF122,16,3Z),AB122,16,32). 00108900
& SP122,lb,,3Z.,SU122,l16,321,,RI(22,16,32) 00109000

C~fON/BL37/VISIZ2,16,32 ),CON..(Z2Z,1,32).NOotz22.16,32),R.&LL(5791 00109100
A VCMZD63)HZ3ZPHZ2P63)RSR(3 00109200

00109300C ** CALCULATE COEFFICIENTS 0010q..00
0020950000 100 K-2,M( 00109600

KPZ=K+2 00109700
KP1:K,1 00109800
KMf=1l 00109900
KM2=K-2 00110000
D0 100 J22NJ 00110100
JPI2=J+2 00110200
JP1:J41 00110300
JM1=J-1 00110400
JN2-J-2 00110500
DO 100 1=2,NI 00110600
IPZ=I.2 00110700
IP1I.1 00110800

IF (I.EQ.2) IMZ=NIMI 00111100
IF (I.EQ.NI) IP2=3 00111200

00111300C CENTRAL LENGTH OF THE TEtIPERTURE CONTROL VOLUME 00111400
00221500

DXP1:XL( IP1,J,KP,O) 00111600
DXI =XL(I ,J,K,0,0) 00111700
DXl=XLIM1,J,KP0,0) 00111800

00111900
DYPI:YLI IPJP1,K*0,0) 00112000
DYJ =YL(I,.J ,KPOO) 0o11z100
DYMI=YL(IPJH1,KO,O) 00112200

00112300
DZP1=ZLIJ,Yp,PlOO) 00112400
DZK :ZL(ZJK 10,0) 00112500
0Zt41 ZL(IvJ,KN1p,0) 00112600

00112700C * SUnFACE LENGTH OF THE CONTROL VOLUME 00112800
00112900

DXN=XL I ,JP1,K ,0,21 0011LOOO
D>Z:'XL(I,J ,K,0,2) 00113100
DXF:XL(I ,J,KP1,0 ,3) 00113200
0XB=XL(IJK 20,3) 00113300

00113400
DYF=YL(I,J,KP1,0,3) 0011!500
OYB=YLII,J,K 0O,3) 00113600
DYE=YLE IPI,J,K,0,1) 00213 700
OYh.4YL(I ,J,K,0,11 00113800

00113900
DZE=ZL(IPI,J,KP,,) 00114000
DZN=ZL(I ,J,K,0,1) 00114100
D)ZN:ZL I ,JP1,K,O,2) 00114200
DZS=ZL(I,J ,K,O,2) 00114300
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00114400
C * ~CENTRAL LENGTH OF THE STAGGERED CONTROL VOLUIME FOR T 00114500

00114800
DXEEaXLIIP2pJtK,O,1 I 00114700
DXE =XLIIP1,J,K,0,1) 00114800
OXK XXLII PJPK,0,1) 00114900
DXIWd XUlt11,JPK,0,1) 00115000

00115100
DYt*4zYLII,JP2,K,0,2J 00115Z00
DYN XYL(IJPlK,0,23 00115300
DYS *YL(IJ PK,0,2) 00115400
OYSS:-YLIIPJt11,K,0,2) 00115500

00115600
DZFF=ZLI I,J,KP2,O0,3) 00115700
DZF aZL(IJKP1,0,31 00115800
DZB XZL(IIJK P0s3) 00115900
DZBB-ZLIIJ,KN1,0,3) 00116000

00116100
C *w DEFINE THE AREA OF THE CONTROL VOLUMIE 00116200

00116300
DXYF=DXF*DYF 00116400
DXYB=DXB*DYB 00116500
DYZE =DYE*DZE 0011b600
DYZW:DYI4*DZH 0C116700
OZ)04DZN*DX'N 00116800
DZXS=DZS*Dxs 00116900

0011 7000
VOL=OXI*DYJ*DZ( 00117100
VOLDT=VOL/DTI1E 00117200

00117300
ZXOYN=DZXN/DYN 00117400
ZXOYS=0ZXS/DYS 0011750.o
YZF=DXYF/DZF 00117600

XYOZB=DXYS/DZB 0011 770D
YZOXE=OYZE-/DXE 00117800
YZ0XN=0YZI4/DXN 00117900

00118000
GN=I R(I ,JK I*DYPI.R(I ,JP1 ,K ;*DYJ I/IDYP1.DYJI 0C118100
GS:IRII,J,KI*DYM1,R(I,JMI,KI*DYJI/DYM1,DYJ) 00118200
GE=(R(I,J,KI*DXP1,RI~P1,J,K*Xl)/DXP14DXII C0118300
GH: I RI I,J .K )*DX1i11.Ri I MI,J ,K I*0XI )/I D>111+DXI J 00118400
GF=IR(I,J,K)*0ZP1R(I,J,KPI*Z)/IZP.DZ) 00118500
GB=IRII,J,KI*OZt11,RIIJKM1 J*0ZK1/I DZM1+DZK) OCll80OO

00118700
CN2Gl*V(I I JP1 4K I*OZXN 01,118800
CS2GS*V(I ,J ,K IwOZXS 00118900
CE=GE*U(II,J,K )*DYZE 00119000
CH:Gkl*Ut , K )*DYZH 00110100
CF=GF*H(I ,J ,KP1 I*DXYF 00119200
CB=GB*NII.J.,K )*DXYB 00119300

00119400
00119500

CONDN1I./(I1./COt4DII,J,K)*DYJ,1./CONDII,JP1,KI*OYP1)/IDYPIDYJ)) 00114600
C0NDS=1./I I1./COt4D(I,J,K I*OYJ,1./CONOII,JM1,K J4DYM1 I/IDYN1.DYJIJ 00119700
C0NDE:1./II1./C0NJDII,J,KI*DXI,1./COt4D(IIJK1*0XP1i/IDXPI+DXI)) 00119800
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COt4Fzl./U1./C0ND(IJK)*OZK,1./C0N0(IJ.KP1 I*OZP1)/!OZPIOZKII 0012O00
CONDB1./(1./COND1,J,KJ*ZK1./C40!IJK1*Z1/(DZ~iDZK.3i 00120100

00120200
COt40NlcZXOYl4*C0N0N 00120300
CO."DSI:ZXOYS*C0N0S 00120400
COtIDE1=YZOXE*CDNOE 00120500
CONDIPZX'*OO 0C120600
CONDF22XYOZF*CONOF 00120700
C0NCBlxXYZBMCOtDB 00120800

00120900
00123110

CEP:(ABS(CE 3.CE )*DxP1*0XI/I DXE*! DXE+DX)0' /8. 00123120
CEM=tABSICE 3-CE )*DXP1*0XI/!DXE*(DXE,0XEE 33/8. 00123130
CNP:! ABS( CW J.CI*DMI*DXI/! DX4*t D~X341 33/8. 00123140
CICI=(ASICI'4-Cr4 3DX11*DXI/! 0**! )04.XE )I/S. 00123150

00123160
CNP:!ABSICN3,CN)*DYP1*DYJ/!DYN*! OYN.OYS WS/. 00123170
CNM:(ASS(CN)-CN 3*DYPI*OYJ/( DYN*I DYN+0YIN 33/5. 00123150
CSP:IABS!CS ),CS)*DYM1*DYJ/t OYSI!DYS.OYSS3 3/5. 00123190
CSM:! ASCS i-CS )*DYM1,DYJ/( OYS*( OYS.OYN W)S. 00123191

00123192
CFP:! ABSI CF )CF 3*OZP1*DZK/I OZF*I OZFsDZB 11/8. 00123193
CFt1:IASS!CF 3-CF J*DZP1*DZK/(DZF*!OZF.OZFF3 3/5. 001Z3194
CBP:! ASCB 3+CB 3*DZM1*DZK,/! 02*! OZB.OZBS )/B. 00123195
CBMtsLAS!CB -CS *0Z111*DZK/! 028*!DZS.OZF il/S. 00123196

00123197
LE! I JI( s-.5*0XI/0XE*CE+CEP+CEM*! 1.tOXE/DXEE 3,CNWfO*/DXE 00123198
AN!IvJ*K : .5*XI/DXW*CW*CIM+4CNP*! 1.+D0*/0*X4 ,,CEP*DXE/0X4 00123199
A14! I ,J.K 3=-.5*DYJ/DYN*CN+CNPC 1*! 1. +DYWN/0I CSM*OYS/DYN 00123200
AS!IIPJ*K 3: 5*DYJ/DYS*CSCSMICSP*(I1.*DYS/DYSS 3+CNP*DYN/DYS 00123201
AF I ,JK 3:-.5*0ZK/DZF*CF+CFPCF *(1.4OZF/OZFF 3+CBN*DZB/0ZF 0012L202
AS I ,J )K= 3:S*DZK/DZ*CBCBMj+CBP*! 1.+02/020BI+CFP*DZF/DZB 00123203

C 00123204
801 AEE=-CEM*OXE/DXEE 00123210

AEER:AEE*TPO(IPZ,J,K 3*CPM!1P2,JK) 00123300
802 COWUTE 00123400

00123500
803 AI4:=-CNP*DX/D04' 00123600

AA4R=ANN*TP0( HZ ,J,K 3*CPM(IMHZ J,K 1 00123700
804 CCNTINUE 00123800

00123900
IF IJ.LT.NJ) QOTO 505 00124000
AN=0. 00124100
AWA=R:. 00124200
GOTO 806 00124300

805 A14N=-CN'*DYN/0DYNN 00124400
AIIIRANN*TPD!I,JP2,K 3*CPI(I,4P2,KJ 00124500

806 CONTINUE 00124600
00124700

IF (J.GT.2) GOTO 807 00124800
ASSz0. 00124900
ASSR:0. 00125000
GOTO 808 00125100

807 ASS=-CSP*DYS/OYSS 00125200
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ASSR=ASS*TPD( I ,JMZ ,K )*CPII I ,J92 ,K) 00125300
808 CONTINUE 00125400

00125500
IF IK.LT.Na) GOTO 809 00125600
AFF=O. 00125700
AFFR=O. 00125800
GOTO 810 00125900

809 AFF:-CFPWDZF/DZFF 00126000
AFFRzAFF*TPD(IJ,KP2)*CPMII,J,KP2) 00126100

810 CONTINUE 00126200
00126300

IF IK.GT.2) GOTO 811 00126400
ABB=O. 00126500
ABBRzO. 00126600
GOTO 812 00126700

811 ABBz-CBP*DZB/DZBB 00126800
ABBR=ABB*TPD( I ,J,K12 3*CPM( I PJKM2 ) 00126900

812 CONTINUE 00127000
00127100
00127200
00127300

C 6#iIF ICAT tgN FOR D E NDARIESu00127400
C s3,;;ttw:;#;,#;:##s#i##;;#t00127500
C *** MODIFICATION FOR DECK BOUNDARIES 00127600

00127700
900 CONTINUE 00127800

IF INOD(IM1,JKJ.EQ.0) GOTO 901 00127900
A*H=0.0 00128000
AI4 R=0.0 00128100

00128200
901 CONTINUE 00128300

IF (NOOfIPI,J,K).EQ.0) GOTO 902 00128400
AEE=0.0 00128500
AEER=0.0 00128600

00128700
902 CONTINUE 00128800

IF (NODII,JHIK).EQ.0) GOTO 903 00128900
ASS:0.0 00129000
ASSR=0.0 00129100

00129200
903 COTINUE 00129300

IF INOODIJPlPK).EQ.0) GOTO 904 00129400
ANN=0.0 00129500
AM4R=0.0 00129%00

00129700
904 CONTINUE 00129800

I lN1CDIJ,KM1).EQ.0) GOTO 905 00129900
AB8=O.O 00130000
ABBR=u.0 00130100

00130200
905 CONTIrUE 00130300

IF (NODIvJ,KP1).EQ.0) GOTO 906 00130400
AFF=O.0 00130500
AFFR=0.0 00130600

00130700
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906 CONTINUE 00130800
00130900

C a#~u~te ~ nnnn nemsn 00131000
C StI3S#fS#tr htl#lS #t ttttS00131100

00131200
AP(I.J,K)=IAE(I,J,K.*AN(IJKIsANEI,J,KIeAS(IJKI 00131300
& *AF(I,J,K IAB(I,JKIAEEA14.4ANNASSAFF+ABBI*CPM(I,J,K100131400

& *CONDE1.CONDN1.CONON1.CONDSI+CONDFl.CONODBI 00131500
00131600

AEII,J,K):cAE(I,J,KI*CPflfIPI,JKJ+CONDEI 00131700
AH(lI,J,K)"-ANEI,J,KJ*CPMIIMI,J,K),CONDH1 00131800
AN(I,J,KI:ANII,J,K )*CPM(I,JP1,K)+C0N4DN1 00131900
AS(I,J,KIAS(I,J,KCP1(I,JMI,Ki.C0OS1 00132000
AF(IJK):AF(IJ,K I*CPMII,J,KP1I.CONDF1 00132100
AB(I,J,K)A1,J,K)*CPM(I,J,K11),CONDBI 00132200

00132300
SP( I,J,K ):-ROD(I ,J,K I*VOLDT*CPMI IJK) 00132400
SU(I*JKJ= ROD(I,J,KJ*VOLDT*TOO(I,J,K3McpmdIj,Kj 00132500
SW IJ ,K )=SU.(IJ ,K )+AEER.Ah'HR+ANNR.ASSR+AFFR.ARBR 00132600

100 CONTINUE 00132700
00132800

C ** TAKE CARE OF B.C. THRU AN,AS,AEAN,AFPAB,SP AND SU 00132900
00133000

C RADIUS DIRECTION 00133100
00133200

00 500 I=2,N1 00133300
D0 500 K=2,M( 00133400
SP(I,Z,K )=SPtI,2,KJ+AS(I,2,K) 00133500

cc SP(1,2,K ):SP(I,2,K )-AS(I,2,K) 00133600
cc SU(I,2,K):SUII,2,K),2.O*ASII,2,K)*TPDCI,1,KJ 00133700

SP(I,NJ,K J:5P(I,NJ,K )-AN(I1 NJK) 00133800
SUII,NJ,KI=SUtI,NJ,K)t2.*TPD(I.tlJP1,K)*AN(I,NJ,K) 00133900
ASII,Z,K120. 00134000
ANII,NJ,K )=0. 00134100

500 CONTINUE 00134*200
00134300

C ** CYLI' CONDITIONS 00134400
00134500

DO 600 J=2,NJ 00134600
D0 600 K=2,NK 00134700
SU(2 *Jqt~ =SU(2 ,J,K)AW(2 ,J,K)*Tll ,JvK) 00134800
SUitI,J,K)=SUU14I,J,KJ.AE(NI,J,K)*T(NIPlJK) 00134900
AH(2 ,J,KI=0.0 00135000
AEfNIJK)40 00135100

600 CONTI1'.JE 00135200
00135300

C ** END OF SPHERE 00135400
00135500

D0 700 I=Z,NI 00135600
DO 700 J=2,tNJ 00135700
SP(IJ,2 I:SP(IIJ,21,ABCI,J,23 00135800
SP(I,J,NK )=SPI 1,JW()+AFt ,J,W4) 00135900
A3(IJ,2)20. 00136000
AF( IJ,W~)0O. 00136100

700 CONTINUE 00136200
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00136300
00136400C * ASSEmLE COEFFICIENTS AND SOLVE DIFFERENCE EQUATIONS 00136500

00136600DO 300 K=Z,W 00136700
DO 300 J=2,Nj 00136800
DO 300 I:Z,NI 00136900
APII,JK )APtIJ,K)-SP(IJ,K) 00137000300 CONTINUE 00137100

00137200
00137300
00137400C - VOLUME HEAT SOURCE INPUT 00137500

00137600VOLT=O.0 00137700
00 113 I:2,NI 00137800DO 113 J=2,NJ 00137900
00 113 K=16,17 00138000
IF (NKZ(IJ,K).EQ.O) GOTO 113 00138100
DXI =XL(I ,J,K,0.0) 00138200
DYJ :YLII,J ,K,0,01 00138300
DZK =ZLII,J,K ,00) 00138400
VOL=DXI*DYJ*DZX H H4H 00138500
VOLT=VOLTVOL 00138600

113 CONTINUE 00138700

0013880000 111 I=2,NI 00138900
00 111 J:2,W 00139000
00 111 K=16,17 00139100
IF INHSZI,J,K).EQ.O) GOTO 111 00139200
OXI =XL(I ,JPK,0,O) 00139300
DYJ zYL(,J ,K,0,0) 00139400
DZK :ZLII,J,K ,0,0) 00139500
QQ0:Q*H/(UO*CPO*RHOO*TA) 00139600
VOL=DXI*DYJ*DZK 00139700SU I ,J ,( l=SU I ,J ,K +VOL*QQQ/VOLT 00139800111 CONTINUE 00139900

00140000
00140100C *** RADIATION INTO THE HALL 00140200
00140300DO 310 K:3,t KM 00140400

DO 310 I:Z,NI 00140500
DXN =XL(I ,tIJRA,K,0,2) 00140501
DZN mZL(I,NJRAK ,0,Z 00140503DZY.N:DZt1J~DX4 00140504
II:(K-3 )*( NI-i +1-i 00140600
SU(INJRAKJ)SU(1,NJRA,K)-RHALL(II)*DZXN 00140700310 CONTINUE 00140800

00140900C *N* END OF RADIATION 00141000

00141100C *** SOLVE FOR T 00141200

00141300CALL TRID (2,2,2,NINJW,T) 00141400
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00141500
C uwwRESET TEMPERATURE AT AzO.0 AND END OF SPHERE 00141600

00141 700
00 81 K=1,M(P1 0014800
AVT=0.0 0014100OO
00 82 1=,,NZ 0014Z000
AVT=AVT+tT(I,2,K )/NIM1J 00142100

82 CONTINUE 00142200
DO 83 I-1,NIPl 00142300
T(I.1,KI:AVT 00142400

83 CONTINUE 00142500
81 CONTINUE 00142600

c 00142700
DO 74 I=l,NIP1 00142800
DO 74 Jzl,NJPI 00142900
T(I.J,1 )=TtI,J.2) 00143000
TI IJI4P1)ZTIJvt.I) 00143100

74 CONTINUE 00143Z00
00143300

C N4N FOR SURFACE HEAT EXCHANGE K'ITH SURROUN1DING 00143400
00143500

00 84 Z=2,NI 0014.3600
00D 84 K=2,N 0014Z700
DYJ=YLI I NJ ,K p0,01 00143800
TtliNJP1K) I2.*CONDnI,NJ,KI*TI,NJ,KDYJHCOEF*TINF)/ 0014.3900

& (IICOEF.Z.0*COND(IvNJ,K )/DYJ) 00144000
84 CONTINUE 00144300

00144400
00144S00

C *4 FOR CYLIC CONDITION 00144600
00144700

DO 80 J=l,NJP1 00144800
DO £0 Kz1,titPl 00144900
TI 1,JK lT(N1,JK) 00145000
T(NIP1,JK) TI 2,JKI 00145100

80 CONTINWE 00145200
00145300

RETURN 00145400
END 00145500

00145600
0014.5700
001f45800

C _________________________________ 00145000
C 00 14o000

SUBROUTINE CALC 00146100
C ******* 00146200

C01i0N4/R4/XC(93),YCI93JZC(93J,XS(93 IYSI 93),ZS( q3), 00146300
DXXl93),DYYC93),0ZZC(93),DXXS193),DYYSt93),DZZS(93) 00146400

COMMON/BL/DXDY,DZVOLDTIME ,vOLDTTHOrTCOOLPI ,QQR 00146500
COtt1O/BL7/NI ,NIP1 PNIMI ,NJ,NJP,NMl,K,KPl,NKM1 00146600
Z NIPZ .NJP2 ,tJKP2,NA ,NAP1,NM1 ,NB ,NBPl1,tt1,KRLUN,NCHIPNJRA,4'RP 00146700

COtIMON/8L12/ NHRITE ,NTAPE ,NThAXO,NTREAL ,TIMES0RSU)MITER 00146800
COiMNO/BL14/HCOEF ,TINF ,CNTABTURB ,BTtJRB,VISL ,VIStiAX,QCORRTPMIPtq200146900
C~t..kON/BL16/ CONST1,CONST2,CONST3 ,CONST4,CONST6,1Tlr,UO,H,UGRT,BUOY,00147000
aCPO,PRT,CONDO,VISO,RHOO,HRTR,TA,DTEMP,TNRITE ,TTAPE ,TMrAX,GCRAIR0O147100
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COMO/BL2&Z/ICMPBI10'I,NCI1PI(10J,JCHPB(1I,NCHPJI1I,KCHPBt1O,, 00147200
3NCHPK(10),TCHP(10i,CPS(IOJ,CONS(1OI,NFAN(1II 00147300

COIIION/BL31/ TOD(Z2,16,32),ROD(Z2,lb,,3Z),P00122,16,32) 00147400
& ,C0DI22,16,3Z3,UO~22,16,3ZIVO0I22,16,3ZJM00(Z,16,3ZI 00147500
COM9lON/BL3Z/ Tt22,16,32),RI22,10,3Z),PI22',16,32) 00147600
& ,C(22,16,321,U(22,16,321,V(22,16,321,W(22,16,321 00147700
COIIION/8L33/ TPD122pl6,32),RP0122,1b,321PP(22,1,32I 00147800
& ,CPDt22,1b.32lUPDI22,lb,321,VP0(ZZ,16,32IP0C22,16,32I 00147900
COI4I~t48L14/ HEIGHTl 22,16,32 ),REQI 22,16*32), 00148000
a SJ1PI22,16,32),SlPP2Z,16,32JPP(2Z,16,32i, 00148100
a 0Ut22,16,3Z1,DV(22916,32j,0W122,16,32) 00148200
COMtION/L36/AP(22,16,32iAEIZZ,16,32j,ANZZ,63Z,A((22,16,32, 00148300
a AS(22,16,32),AF(22,16,3Z),AB122,16,32), 00148400
A SPI22,1e,32),SU(Z2,16,32iRl(2,16,32I 00148500
COMO/L37/VISZ22,16,32),C0ND(22,16,32),N00122,16,32),RKALL(579) 00148600

a CPt(22,16,32 I,HSZ(3,2JNHSZfZZo,321,RESORM(93J 00148700
COMION/8L39/ALENPCURVE ,COtlSRAPPCURI,PSOUTH,QCORRPERROR 00148800

00148900
C o CALCULATE COEFFICIENTS 00149000

00149100
DO 100 K=2,W8 00149200
KP2:K+2 00149300
KPlzK.1 00149400
KMI:K-1 00149500
KM2=K-2 0014900
DO 100 J=Z,NJ 00149700
JP2:J+2 00149800
JP1:J41 00149900
JM1~J-1 00150000
JM12 J- 2 00250100
DO 100 r:2,NI 00150200
IP2=r.2 00150300
Ip1:I+1 00150400
I11I-1 00150500
It12=I-2 00150600
IF (I.EQ.21 IM2=NIM1 00150700
IF (I.EQ.NI) IP2:-3 00150800

00150900
C CEN4TRAL LENGTH OF THE SCALE C01ITROL VOLUMIE 00151000

00151100
0XP1=XL(IP1,J,K,0,0) 00151200
OXI =XL(i ,4,0,01 0015130n
DXM1=XL( It'1,J,K,0,0O) 00151400

00151500
DyF1:YL( I,JP1,K,0,0) 00151600
DYJ =YL(I,J ,I,0,01 00151700
DYM1=YL(I ,JM1,K,0,0) 00151800

00151 900
DZP1:ZL(I,J,KP1,0,0) 00152000
OZ( =ZL(I,J,K ,,0 00152100
OZtilZLI I,J,KM1,0,0) 00152200

00152300
C *w SURFACE LENGTH OF THE CONTROL VOLUME 00152400

00152500
D)04-XL(I,JPI*K,0,2) 00152600
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D>S:XLII,J A.,0.2) 00152700
DXF XL(IJvKPl,0P3) 0120

001528000
OYF=XL(I,J,KP ,0,3i 00153900

DY82L(IPPK PP3)0015300

DYE=YL(IP1,J,K,0,1J 00153300
DYHuYL(I ,.J,KP,,) 00153400

00153500
DZE=ZLIIP1,J.KP,,) 00153600
DZN=ZLtI ,J,K,0,1) 00153700
DZN=ZL(IJPIK,0,2) 001S3800
MZ=ZL(I,J ,K,0PZJ 00153900

00154000
C H CENTRAL LENGTH OF THE STAGGERED CONTROL VOLUMIE FOR T 00154100

00154200
OXEE=XL( 1PZJ,K,0,1) 00154300
DXE =XLIIPlJ,KP,,1 00154400
DXN -XL(I ,J,K,0,1) 00154500
0)044=XLIIMJPKPOP1) 00154600

00154700
CYNN=YLlI ,JP2,K,0,Z) 00154800
DYN =YL(I,JP1,K.0,2) 00154900
DYS =YL(I,J ,K,0,2) 00155000
DYSS=YL(IPJMlKP,,) 00155100

00155200
0ZFF=ZL(I,J,KP2,0,3) 00155300
DZF =ZL(I,J,KP1,0,3) 001554o0
DZB ZZL(1,JK p0,3) 00155500
DZBB=ZLtl,J,KM1,0,3) OclssoO

00155700
C *w DEFINE THE AREA OF THE CONTROL VOLUME 00155800

00155900
DXYF=DXF*DYF 00156000
DXYa=DXB*DYB 00156100
OYZE=DYE*DZE 00156200
0YZN=DYH'*DZN 00156300
DZXtJ=0ZN*OXN 00156400
0ZXS=DZS*DXS 00156500

00156600
VOL=DXI*DYJ*DZK 0015o700
VOLDT=VOL/DTIME O0150600

001569~00
ZY:0YN=DZXN/DYN 00157000
ZXOYS=DZXS/DYS 00157100
XYOZF =0XYF/0ZF 001.57200
YY0Z5=DXYB/DZB 00157300
YZOXE =DYZE/0>'E 00157't00
YZ0XW=DYZK/DXH 00157500

00157600
GN=(R(Z,J,K)*0YPIRII,JPI,K 1*DYJ)/IDYPI+DYJ) 00157700
GS:I(R(I,J,K)*DY11,R(I,JM1,K)*DYJ)/(0Y41,0YJ) 00157800
GE=(R(I,J,Ki*OXP1,R(IP1,JK,*OXI,/IOXP1,0XII 00157900
GN(R(I,J,K)*0XH11,RIHJ.KI*DXI)/(DYN1,0XI) 00158000
GF-(RIJIO*DZP1+RII,J,KP1)*DZK)/(DZP1,OZK) 00158100
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GB:I R( I J ,K l*OZ11R( I JKM1 1*DZK 1/IDZI.ZKJ 00158200

CN G*V(,JP1K)*ZXN00158300
CS=GS*V(I,J 1K)*ZXS~ 001584.00

CE=GE*UIIP1,J,K 1*DYZE 001S8500

CN:GW*U( I J.,K )*DYZH 00158700

CF=GF*H(19J,KP1I)*oXYF 00158800

CB:GB*H( IpJ ,K )*DMY 00158900

00159000
00159100

CON0N=1./U1I./CND(IJ,KI*DYJ1./CNDII,JPI,K)*yPl1/(DYPI,0YJ3j 00159200
CONDS=1./(tl./CONDtIJK)*DYJ1./COJDI,J11,K 3*DY?11)/IDYMIDYJ)) 00159300
CON4DE1./U1l./CONO(I,J,K I*DXI,1./COND(IP1,J,KJ*OXPII/(DXP1,DXI)) 001.59400
CONN=1 . / (1. /C0ND( I J ,K I*OXI+../COtJO( 1111JK )*DXtt1 /IDX)et1.XI)) 00159500
CONDF=1./I E1./CONO(IJK 1*DZK,1./COt3OII,J,Kp1 I*OZP1 I/IDZP1,OZK)I 00159600
CONOB:1./I I1./COND(IJK)*DZK,1./C0)N0(I,J,KMI)*DZM1J/(DZM,DZK) 00159700

00159800
CONDNI :ZXOYN*CO,*4N*ALEW 00159900
CONOS1=ZXOYS*CONOS*ALEN 00160000
CONDE 1=YZOXE*CONDE*ALEN 00160100
CONON1=YZOXW*COt4DN*ALEN 00160200
C0N0F1=XYOZF*C0N4DF*ALEN 00160300
CONDBi =XY0ZB*C0NOB*ALEW 00160400

00162700
00162800

CEP=(ABSI CE ).CE *DXPI*OXI/( DXE*(DXEO)04 I1/. 00162801
CEti=(ABS(CE 3-CE )*DXP1*DXI/I OXE*( DXE.DXEE 13/8. 00162802
Cl P=IABS3 CN )+CN )*DX?11*DXI/( OXH*( DXW.DXWN) 1/8. 00162803
CWM1=IABS( O'4)-CI'1)*DXr11*DXI/I DX14* XK.DXE ))/8. 00162804

CNP=( ABSICN I.CN I*DYP1*DYJ/( 0Y14*( YN.O)YS 1/.00162806

CNM=(IABS(CN)-CN1*DYP1*DYJ/(0YN*I0YN0Yt*4) 1/8. 00162807
CSP=(ACS(CS leCS l*OYMI*DYJ/( OYS*1 DYS+DYSS) W8. 00162808
CSt=( ASS( Cs -CS )*OYM1*DYJ/( 0YS*( DYS+DYN ))/8. 00162809

00162810
CFP=3 ABSr CF 1+CF )*OZPI*DZK/3 DZF*( 02F+OZB We1/. 00162811
CFM=( ABSI CF 3-CF l*DZP1*DZK/I OZF*( 02FOZFF 11/8. 00162812
CBP=t ABSI CB i+C8 I*C,711-0ZK/( OZB*(0OZB+OZBB 11/8. 00162813
CBM=I ABSI CE.-CE. 1iDZ?11*OZK/( DZB*( OZB+OZF )1/8. 00162814

001b2815
AEII,J,K 3=-.5*DXI/D0XE*CECEP+CEM*I 1..DXE/DXEE 1,CN?1*OXH/XE 00162616
AW'(I,JPK I= .5*DXI/DXH*Cll4CHM+CWP*(l.+DX/XKiJU4CEP*DXE/DXH4 001aZ817
AMI I ,J ,K 3=- .*DYJ/DyIJ*' 14CNIP+CNHM*t 1. tOYN/OYNN I 4CStI*DYS/OYt4 001b2818
AZ,(I,J,Ki .5*OYJ,'OYS*CS+CSM4CSP*3 1.+DYS/DYSS)4CD'N/DYS 00162819
AF(I,J,K):-.5*0ZK/DZF*CFCFP+CFM*U1.,0ZF/DZFF,+CB?*0ZB/0ZF 001ta2820
AB(I,J,KJ= .5*DZK/DZB*CE+CBM+CBP*(1.+DZ B/DZBB)+CFP*DZF/DZB 00162821

00lb2622
00162823

801 AEE=-CEM*DXE/DXEE 00162830
AEPER=AEE*CPD( IPZJK) 00162900

802 CONTINUE 00163000

803 AI44=-CNP*DXH/0XHH 00163200
AIIR=A.&I*CPOI 112,J,K) 00163300

804 CONTINUE 00163400
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00163500
IF IJ.LT.NJ) GOTO 805 00103600
ANN=0. 001*3700
ANNR=O. 00163800
GOTO 806 001o3900

805 AIN=-CNH*DYN/DYNN 0016-#000
ANNR=ANN*CPO(IJPZ,K) 001o4100

806 CONTINUE 00164200

00164300
IF IJ.GT.2) GOTO 807 00164400
ASS=O. 001b4500
ASSR=O. 00164600
GOTO 808 00164700

807 ASS=-CSP*DYS/DY.SS 00164800
ASSR=ASS*CPDII,JMZK) 00164900

808 CONTINUE 00165000
00165100

IF IK.LT.NK) COTO 809 00165200
AFF=O. 00165300
AFFR=O. 00165400
GOTO 810 00165500

809 AFF=-CFM*OZF/DZFF 00165600
AFFR=AFF*CPD(I,J,KPZ 00165700

810 CONTINUE 00165800

00165900
IF (K.GT.2) GOTO 811 00166000
AB=O. 00166100
ABBR=O. 00166200
GOTO 812 00166300

811 ABC=-CBP*DZB/DZBB 001b6400
ABBR:ABB*CPD 1,J,KM2) 00166500

812 CONTINUE 00196600
00166700
00166800
00106900

C i t # tuu ttltt flflhWlui# 00167000
C s;tts;,,t#;; ;s~t,;#,;vg;;# ltt,#te 00167100
C *** MODIFICATION FOR DECK BOUNDARIES 00167200

00167300
900 CCNTINUE 00167400

IF IN0O(IM1,J,K).EQ.0) GOTO 901 00167500
AW=0.0 00167o00
AHHR=0.0 00167700

0C167800
901 COITItE 001o7900

IF fl4ODlIP2,J,Kl.EQ.0) GOTO 902 00168000
AEE=O.0 00108100
AEER=0.0 00168200

00108300
902 CONTItME 00168400

IF (NO0(I,JM1,KI.EQ.O) GOTO 903 00168500
ASS=0.0 001680
ASSR:0.0 00168700

00168800
903 CONTINUE 00168900
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IF (Nt0DU,JP1,KJ.EQ.0) GOT0 90'4 o01O00o
ANN=0.0 00169100
ANNR=0.0 00169200

00169300
904 CONTI NJE 00164400

IF INOD(IJKM1J.EQ.0) GOTO 905 00169500
ABB=0 .0 00169600
ABBR=0.0 00169700

00169800
905 CONTINUJE 00169900

IF INODUIJKPl).EQ.0) GOTO 906 00170000
AFF=0.0 00170100
AFFR=0.0 00170200

00170300
906 CONJTINU.E 00170400

00170500
C #UfhIM3#I#t###MIttt3tflMS#3I MS 00170600
c ,,;;;3; w #;#;3;##h;v;;;3 00170700

00170800
AP(I,J,K):tAEWIJ,K),A14(I,J,K),AHII,J,K),AS(I,J,K) 00170900

3 *AF(I,J,K I+AB(I,J,K).AEE.A*W+A4ANASS.AFF.ABB) 00171000
a +CONIDE1,CONDNItCONON1.+CONDS14CONDF1+CON4DB1 00171100

00171200
AE(I,J,K =AEII,J,K)+CONDE1 001 71300
AWI,J,K)=AHII,J,K 3+COtNDW1 00171400
AN~ I,J,K )=AtJ( I,J,K )*CONONl 00171500
ASUI,J,K)=AS(I,J,K I+C0NDS1 00171600
AFI I,J,K )zAFI I,J,K).C0?.IDFI 00171700
ABII,J,K I=ABtI,J,KJ.C0N4DB1 00171800

00171900
SP(I,J,K Iz-R00(I,J,K I*VOLDT 00172000
SU(I,J,K)= ROD(I,J,K)*VOLDT*TOO(I)JK) 00172100
SUI I,J ,K )SU( I,J,K I.AEER*Ab*R+AWC4R+ASSR+AFFR+ABBR 00172200

100 CONTINJUE 00172300
00172400

C ** TAKE CARE OF B.C. THRU ANPASAE,AWAFAS,SP AND SU 00172500
C 00172600
C ** RADIUJO DIRECTION 00172700

0017Z800
DO 500 I:21NI 0017290
0O 500 K=:',I;Y 00173000

cc SPII,2d. I=SP(I,2,K I+ASII,2,K) 00173100
SPUl,Z,KD=SPI,2,K)-A1-tI,2,KI 00173200

SP I ,IJ,K i=GP( I ,fJK i-At I ,t4J,K 1 00173400
SU(I *1J,K ):SU( I NJK)+2.*CPD4pi-tJP1,K )*AM INJPK) 00173500
ASI 1,2 ,K1:0.. 001 73 0OO
ANI I ,IIJ ,K )20. 00173700

500 CONTINUE 00173800
00173900

C *N CYLIC CONDITIONS 00174000
00174100

D0 600 J=2,NJ 00174200
DO 600 K:2,NK 00174300
SUI2 ,J,K)=SU(2 ,JPK)+AN(2 PJ,K)*C(1 ,J,K) 00174400
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SUINIPJ,K) SU(NI,J,KI+AE(NI,J,KI*C(NIPl,J,K) 00174500
ANIZ ,J,KJ:0.0 00174b00
AE(NI J,K )=0.0 00174700

600 CONTINUE 00174800
00174900

C ** END OF SPHERE 00175000

00175100
DO 700 I=2,NI 00175200
DO 700 J=2,NJ 00175300
SPfI,J,21 SP(I,J,2) AB(IvJ,2) 00175400
SPI ,J,NK )=SP(I,JtN )+AF(I,J,W) 00175500
ABIPJP2 I0. 00175600
AF(IJNK )=0. 00175700

700 CONTINUE 00175800
00175900
00176000
00176100

C A ASSEMBLE COEFFICIENTS AND SOLVE DIFFERENCE EQUATIONS 00176200
00176300

DO 300 K=2,NK 00176400
DO 300 J=2,NJ 00176500
DO 300 I=2,NI 00176600

AP!I,J,K)=AP( IJ,K)-SP( IJKJ 00176700
300 CONTINUE 00176800

00176900
00177000
00177100

C * VOLUME MASS SOURCE INPUT 00177200
00177300

VOLT=O.0 00177400
00 113 I=Z,NI 00177500
DO 113 J=ZNJ 00177600

00 113 K 16,17 00177700
IF (N.SZ(I,J,K).EQ.0) GOTO 113 00177800
DXI =XL(I ,J,K,0,0) 00177900
DYJ =YL(IJ ,KPOO) 00178000
DZY =ZL(I,J,K ,0,0) 00178100
VUL=C;I*D0YJ*DZK*H*H*H 00178200
VOLT=VOLT+VOL 00178300

113 CO,TINUE 00176400
0017ESOO

DO 111 I=2,NI 00178600
0 111 J,.,NJ 00178700
DO 111 =1o,17 00178800
IF (NHSZrIJ,K).EQ.O) GOTO 111 00178100

DXI XLII PJ,K,00) 00179000
DYJ =YL(I,J ",K,00) 00179100
DCZ ZL(IJ,K ,0.0) 00179200
QQQ=Q*H/1 UO*CPO*RHOO*TA) 00179300

QtrSz 1.0 00179400
QMS = QMS*H/(UORHOO) 00179S00
VOLzD>;I*DYJ*DZK 00179600
SU( I ,J ,K J:SU( I ,J ,K )+VOL*QMS/VOLT 00179700

111 CONTINUE 00179800
00179900
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C ** SOLVE FOR C 00180000
00180100

CALL TRIO (Z.2,2,NI,NJQ,M(,Cl 00180200
00 180300

C ~**RESET CONCENTRATION AT R=0.0 AND END OF SPHERE 00180400
00180500

DO 81 K=1,M(PI 00180600
AVT=0.0 00180700
DO 82 I=Z,NI 00180800
AVTAVT+(CI,Z,K)/NIMI1J 00180900

82 CONTINUE 00181000
DO 83 lml,NIPI 00181100
C(I,1,KI=AVT 00181200

83 CONTINUE 00181300
81 CONTINUE 00181400

00181500
DO 74 Izl,NIPI 003.81600
DO 74 Jz1,tNJP1 00181700
C(I,J,1j:C(I,J,Z) 00181800
C(I,J,NKP1)=C(I,J,M() 00181900

74 CONTINUE 00182000
00182100

C ** FOR SURFACE MASS EXCHANGE WITH SURROUNDING 00182200
00182300

DO 84 I=2,NI 00182400
DO 84 Kr2,NK 00182500
C(I,NJP1,KJ-C(I,NJ,K) 00182600

84 CONTINUE 00182700
00182800
00182900

C **FOR CYLIC CONDITION 00283000
00183100

DO 80 J=1,tJP1 001&3200
DO 80 K~l,t!KP1 00183300
C(1,JK ?=C(NI,JK) 00183400
C( NIP1,J,K )=C( 2,J,K) 00163500

80 C0?.TlN'JE 00183600
00183700

RETURN 00183800
EN~D 00183900

00184000
00184100

C ____________________________________ 00184200
C *,******************************** 00184300

SUBROUTINE CALU 00184400
C **********~******I****~********** 00184500

C0HM04/R4/XC93),YC(93,ZC93),X.S931,YS193I,ZS(93), 00184600
& DXX/C(93),DYYC93,DZZC93,DXXS(93b0DYYS(93J,0ZZS(93) 00184700
COtINON/BL1/DXDY,DZ,VOL,DTIIE ,VOLDT,THOTTCOOL ,PI ,Q,.QR 00184800
C0HMiOti/BL7/NI,NIP1 vJltI1,NJ,NJP1,vNJMI ,iJ, NKPl.NKM1 00184900

A ,JIP2,NJP2,NWP2,NA,NAP1,NAMINB,tJBP1 ,NBH1,KRUN,NCHIP,.NJRA,NNRP 00185000
COtMtlt/BL1Z/ NWRITENTAPE ,NTMAXO,NTREALTIME ,SORSUN,ITER 00185100
CliO/8L14/HCOEF ,TINF,CNT,ABTURB,BTURBVISLVISMAXQCORRT,PM,PPM200185200

COMMONt/BLIA/ C0NST1sC0N.S T2,C0NST3,COtJST4,CO)NST6,NTU0 ,H,UGRTtBUOY,00185300
A CPO,PRT,CONOO,VISO,RHOO,HR,TR,TA,OTEMP,TNRITE ,rTAPE JMAX,GC,RAIROO18S400
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COt ION/BL20/SIG11IZZ,18o,2),SIG12122,16,32),SIG22(22,16,32) 00185500
a ,SIG13(2Z,16,32),SIGZ3t22,lb,32),SIG33(2,1b.3Z1 0 0185bO0
CO9* ON/BLZ2/ICHPB(l10 INCHPII 10 I JCHPBI 10 ),NCHPJ( 10 ,KCHPB(I 0 , 00185700
a NCHPKI1OJTCHP(1OJCPS(10),CNS10,FAJI10) 00185800
C0?M0?4/BL31/ T0C(ZL,l6,32),R00(2~,1o,32i,P0W12,1e,32' 00185900
8 CCD(Z2,,16,32),UOD(26',l6,32bV0'D(22,16,32I,H0D(2,16,32) 00186000
CO*ION/BL3Z/ T(ZZ,16,3Z),RC2Z,16,32iP(ZZ,1o,321 00186100

a C(Z216932)PU(22tla,32)9V(22pl6,32),H(22*16,32) 00186200
COIIIOtVBL33/ TPOEZZ,1b,32),RPD(Z2,16,32J,PPO(22,1b,32) 00186300
& ,CPD(22,16 32),UP0IZZ,16,32),VPD(22,16932J,I4PDI22,'6,32) 00186400
COttlON/BL34/ HEIGHTI22,16,32))REQ(ZZ,16p3Z), 00186500
a SMP(22,16,32JSMPP(2,1el,32IPPf22,16,32), 00286600
a DU(22,16,32),DV(Z,1av3Z~IOlt2,16,32) 00186700
COtt10N/8L36/AP(22,16,32),AE(22,16,32IA4(22,l6,32),AN(2Z,l63) 00186800
a AS(22,l6,321,AF(ZZ,16,32),AB(22,16,32), 00186900
& SP(22,16,321,SU(22,16,32),RIt2Z,16,32) 00187000
COMtIOWJ/L37/ VISI2Z,16,3ZJC0iND122,16,32),NODtZ,6,32),RHALL(579)00187100
a ,CPMI22,16,32),HSZ(3,")t4ISZ(22,16,3Z3,RESORMt93) 00187200

00187300
C * CALCULATE COEFFICIENTS 00187400

00167500
DO 100 K=2,NK 00187600
KP2=K+2 00187700
KPI=K+l 00187800
KMI=K-1 00187900
Kt12=K-2 00188000
DO 100 J=2,NJ 00188100
JP2=J+2 00188200
JP1=j+1 00188300
Jill :J-1 00188400
JM2 :J-Z 00188500
D0 100 1=2,NI 00188600
IP2=I +2 00186700
IP1I.1~ 00188800
IMI=I-1 0018800
IM2=I-2 00189000
IF (I.EQ.2) IM1=NI 00189100
IF (I.EQ.2J IM2=Nlf11 00189200
IF (I.EQ.31 Iti,1=14I 00189300
IF (IE.11 P2=3 0018P400

00189500
00189600

C CENTRAL LENGTH OF THE SCALE CONTROL VOLUME C0189700
00189800

DXPI=XLI !P1,J,K,1,0I 00189900
DXI =XLII ,J,K,1,01 00100000
DXII1:XLI IM1,.J,K,1,0) 00190100

001l0 200
OYP1:YLI I,JP1,K,1,O) 00190300
DYJ =YLII,J ,K,1,0) 001904.00
OYM1=YL(I,JM1,K,1,0 j 00190500

00190600
DZP1=ZLI,JPKP1,1,0) OOlQ0700
DZK =ZLII,J,K ,1,0) 00190800
DZM1=ZLI I,J,KVI1,1,0) 00190900
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00191000
C " SURFACE LENGTH OF THE CONTROL VOLUME 00191100

001IR1200
ODa4=XL( I,JP1,K,1,2) 00191300
DXS=XLfI,J ,K,1,2) 001914b00
DXF=XLII,J,KP1,1,3) 00191500
DXB=XLII,J.K ,1,3) 00191b00

001.91700
DYF=YL(I,J.KP1.3) 00191800
DYB=YLII,J,K ,1,3) 00191900
DYE :YL( ZP1,JK,1,1 1 00192000
DYW=YLII ,J,K,lpl) 00192100

00192200
DZE=ZL(IP1,J,K,1,1) 00192300
OZN=ZL(I 3,JpKp,,) 00192400
OZN=ZL(I,JPI,K,1,2) 00192500
DZS=ZLII,J ,Ks,2) 00192600

00192700
C ** CENTRAL LENGTH OF THE STAGGERED CONTROL VOLUME FOR U 00192800

00192900
DXEE=XL(IP2,JpK,1,1J 00193000
DXE =XL(IP1,JK,1,1) 00193100
DXW =XL(I ,J,K,1,1) 00193200
DXW44:XL(It11,J,Ko,l) 00193300

0019?3400
OYt*I2YfAI,JPZ,K,1,Z1 00193500
DYN =YL(I,JP1,KP,,) 00193600
DYS =YL(I,J ,K,1,2) 00193700
OYSS=YL(IPJ?11,K,1,2) 00193800

00193900
OZFF=ZL(I,.J,KP2,1,3 1 00194000
DZF =ZL(I,J,K~P1,1,3) 00194100
DZB =ZL(I,J,K ,1,3) 00194200
DZBBZL( I,J,KM1,1,3) 00194300

00194400
C 4*1 DEFINE THE AREA OF THE CONTROL VOLUME 00194500

001946a0 0
DXYF=DYF*0YF 00194700
DXYB=DXB*DYB 00194800
DYZE =oYE*BZE 00194900
DYZH=0YW*DZN 00195000
DZX4=lZ.1,DXN 00195100
DZXS=DZS*OXS 001Q5200

00195300
V0L=DXI*D*IJ*DZK 00195400
V0L0T =V0L/DTIME 00193300

00195600
ZX0YN=DZXN/DYN 00195700
ZXOYS=DZXS/DYS 001 95800
XY0ZF=DXYF/DZF 00195900
XY0ZB=DXYB/DZB 00196000
YZOXE =QYZE/DXE 00196100
YZOXW.I:YZN/DXN 00196200

00196300
00196400
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C * USE SINGLE AND SI-LINEAR INTERPOLATION TO EVALUATE 00196500
C PHYSICAL PROPERTIES AND FLUX ON THE SURFACES. 0019*600

00196700
00196800

GNE=SILINIR(I ,JPI,K),Rtl ,J.KDYPIPDYJI*Vtl ,JPIK) 00196900
GNH:SILIN(REIM1,JP1,KI,R(IM1,J,KJ,OYP1,0YJI*(Iil,JPI,K, 00197000
GSE=SILIN(R(I ,JM1,K),R(I ,J,K),DYM1,DYJI*V(I ,J ,K) 00197100
GSW.4SILINR(IMJM1,KJR(IM1,J,KIDYH1,DYJJ*VgIM1,J ,KJ 00197200

00197300
GE =SILINIRIIP1,J,K),R(I ,JPK1,DXEE,DXE)*UIIPI,J,K) 00197400
GP =SILIN(RtIM1,J,K),R(I ,JPK),DXW ,OXE)ftUII *,K) 00197500
Gt4 SILINIR(IM2,JK),R(IM1,JKJ0XIDXHJ*U(It1,JKJ 00197600

00197700
GFE=SILIN(R(I ,J,KPl),R(I ,J,K),DZPI.DZK)*H(I ,J,KPlI 00197800
GFN=SILINIRtIt11,JKP1),RIIMlJK)DZP,DZK.IWNIIH1JKPII 00197900
GBE=SILIN R(I I J,KM11I,Rl I J,K ),DZM1 ,DZK I*W(I ,J,K ) 00198000
G8BI:SILIN(R(It11,JKM1),RIMlJK)DZM,ZK)i*fr(IH1,J,K ) 00198100

00198200
CE= . *I GE+GP )*DYZE 00198300
CH=0 .5*I GP+GH )*DYZN 00198400

00193500
CN=SILIN( GNE ,G?4l ,DXE ,DXW )*DZX@4 00198600
CS=SILI4( GSE ,GSH,DXE ,OXN *DZXS 00198700

00 198800
CF:SILlNI OFE ,GFH ,OXE ,DXH I*O)XYF 00198900
CB=SILINL GBE ,G8$4,DXE ,DXWI)*DXYB 00199000

00199100
VISE=VIS(I *J,K) 00199200
VISH VIS( IMlJK) 00199300

00199400
VISN= (VISII ,JPI,K)+VIS(I ,JKl. 00199500
& VIS(lM1,JP1,K).VISII1,J,Ki 1/4.0 00199600
VISS= IVISII ,JM1,K)+VIS(I ,J,K)+ 00199700
aVIS(IM1,J?11,K)+VISII?11,JKI)/4.0 00199800

00199900
VISF= (VIS(I ,J,KP11+VISII ,Ki+ 00200000

& VIS(IM1,J,KP1J.VIS(IMIJ,K)J/4.0 00200100
VISB= (VIS(I ,J,KM11+VIS(I ,J,K)+ 00200200
& VIS(IM1,J,KM1)+VIS(IM1,J,K))/4.0 00200300

00200400
0020C500

VISNI=ZX0YN*VISN 00200600
VISS1=ZX0YS*VISS 00200700
VI$El1 YZOXE*'/ISE 00200800
VIs14=yi q~ls 00200900
VISF1=XYOZF*VISF 00201000
VIS61:Xy0Z8*YISB 00201100

00201200
00201300

CEP=EABS(CE I.CE 1NDXE/DXI/16. 00201400
CEM=(ABSICE I-CE )*DXE/DXPI/16. 00201500
CWP: ABSS(CM ).CH)*OXH/DXM1/16. 00201600
CWJ=1 ABSSCH'4-CNJ*DXO'/DXI/16. 00201700

00201800
CNP=I ABSI CN)4CN )*OYPI*DYJ/E DYN*( DYN.DYS )1/8. 00201900
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CN!,=I ABS3CN J-CN 34DYPI*DYJ/I DYN* 0YN.DYt#NJ we. 00202000
CSP=t ABSI CS).CS I*DYMI1*DYJ/I DYS.I DYS4DYSS 33/8. 00202100
CSM1(ABS(CS I-CS 3*DYI14*DYJ/E OYS*( OYS.OYN WS/. 00202200

00202300
CFPz(ABStCF 3.CF I*0ZP1DZK/(DZF*(DZF+DZB 3)/8. 002024.00
CFM=(ASS(CF 3-CF J*DZpl*DZK/IDZF*t0ZFDZFF 33/8. 00202500
CBP=( ABSI CS 3CB 3*DZM1*OZK/I DZB*( OZB.OZBB3 3/8. 00202600
CBM=L ABSI CB i-CS *DZM1l*0Z1/I OZB*I OZB+OZF WS/. 00202700

00202800
AEC I,J,K )-.5*CECEPCE14*( ..DXE/OXEE 3,CN.I*0)0/DXEVISE1 00202900
AREI,J,K) 3 .*CH+C141+CWP*& l.+DX14/DXHH)CEP*XE/XIVIS41 00203000

00203100
00203200

ANI I,J,K I:-.5*DYJ/OYN*CNCNP+CI1N*( .+DYN/DYNN4 3CSI*DYS/DYNVISNI 00Z03300
AS I ,J,K3= .5*DYJ/DYS*CS*CSMCSP*I 1. DYS/DYSS 3,CNP*DYWN/YS+VISS1I 00203310
AFt I,J,K )-.DZK/DZFCFCFP+CFM*I 1. .DZF/DZFF ).CBN*DZB/DZF+VISF1 00203320
AB(IpJKa S:.*DZK/DZB*CB+CM+CBP*(l ..DZB/DZBB )+CFP*DZF/DZB+VISB1 00203330

00203340
00203400

801 AEE=-CEM*1DXE/OXEE 00203500
AEER=AEE*UPD( 1P2 ,J,K) 00203600

802 CONTINUE 00203700
00203800

803 AI4-CHP*0XN~/DX1*4 00203900
ANRAL4UPD( 1MZ,JK) 00204000

804 CONTINUE 00204100
00204200

IF (.J.LT.NJ) QOTO 805 00204300
ANNO0. 00204400
AN4RO. 00204500
GOTO 806 00204600

805 ANN=-CNM*DYN/DYNN 00204700
AtNPIR=AKN*UPO( I ,JP2 ,K 3 00204800

806 CONiTINUE 00204900
00205000

IF (J.GT.2) GOTO 807 00205100
ASS=0. 00205200
ASSR=0. 00205300
GCTO 808 00205400

807 ASS=-CSP*OYS/OYSS 00205500
ASSR=ASS*UP0(I ,JHZ ,K 00205600

808 CONTINUE 00205700
00205800

IF (K.LT.NK) GOTO 809 00205900
AFF-0. 00206000
AFFR=0. 00206100
COTO 810 00206200

809 AFF=-CFM*OZF/OZFF 00206300
AFFR=AFF*UPO( I,J ,KP2 3 00206400

810 CONTINUE 00206500
00206600

IF (K.GT.2) GOTO 811 00206700
ABB=0. 00206800
ABBR=O. 00206900
GOTO 812 00207000
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811 ABB:-C8P*DZB/DZSB 00207100
ABBR=ABB*UPDI,JKMZ) 00207200

812 CONTINUE 00207300

00207400
00207500

C Itlt3It##l~flht##W#I#I#tIt#SW1#I~tt$I lt###I t tS 00207600
C ,1; ;;twl;v sn;tsss 00207700
C * * MODIFICATION FOR DECK BOUNDARIES 00207800

00207900
900 CONTINUE 00208000

IF (NODIIMZJ,K).EQ.0) GOTO 901 00208100
ABC=0.0 00208200
ANIR=0.0 00208300

00208400
901 CONTINUE 00208500

IF INOD(IP1,J,K).EQ.0) GOTO 902 00208600
AEE=0.0 00208700
AEER=0.O 00208800

00208900
902 CONTINUE 00209000

IF (NOD(I,JM1,K).EQ.O) GOTO 903 00209100
ASS=O.0 00209200
ASSR=0.0 00209300

00209400
903 CONTINUE 00209500

IF INOD(IJPIK).EQ.0) GOTO 904 0OO09600
ANN=0.0 00209700
ANNR=0.0 00209800

904 COINTINUE 00209900
IF INOD(I,JKM1).EQ.0) GOTO 905 00210000
ABB=0.0 00210100
ABBR=0.0 00210200

00210300
905 CONTINUE 00210400

IF lNOD(IJ,KP1).EQ.0) GOTO 906 00210500
AFF=0.0 00210600
AFFR0.0 00210700

00210800
906 CONTINUE 00210900

C 0021100
C #00211100

00211200
00211300
00211400
00211500

C * SU FROM NORMAL STRESS 00211b00

00211700
RE=CZIGll(I ,J,K)-(tU(IPl,J,K)-U(I ,J,KI)*VISE/DXEI*DYZE 00211800
RW=ISIG11IM1,J,K)-(U(I ,J,K')-U(IM1,J,K)I*VIS/DXWI*DYZH 00211900
RN=t SIG12( I ,JP1,K )-CU I ,JP1 ,K )-Ut I ,J ,K} )*VISN/DYt IDZXN 00212000
RS=ISIG12ZI,J ,K )-(U(I,J ,K)-U(I,JM1,K) I*VISS/DYSJ*OZXS 00212100
RF=(SIG13tIJ,KP1)-IU(I,J,KPI)-UII,JK ))*VISF/DZF)*DXYF 00212200
RB=(SIG13(I,J,K i-CUtI,J,K )-U(I,J,KM1))*VISB/DZBI*DXYB 00212300

00212400
C * SU FROM CURVED STRESSES AND ACCELERATIONS 00212500
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002Z12600
AVG1:0.~CIG2tIJP1,JSG12~,J,.J)00212700

AV:;3~ ssc1IJKPI ,s3GI1IJ,K) J oozizaoo
AVCZ2=SILIN(SIGZ(IJ,K)SGZI1,JK)DXE,DX'I 00:12900
AVG33=SILIN(SIG33(I ,JKJ,51G3311?1,JKbDDXE,DXHI 001.13000

00:13100
AU1=U( IpJiK) 00213200
AU24BILIN(V(I ,JP1,K*VUl ,J,K)PDYJ.DYJ, 00213300

3 V(IMIJP1,K),V11H1,JPKI.DYJDYJ, DXE,DX)04 00213400
AU3=BILIN(W(I ,JKP11,W(l ,J.K),DZK,DZK, 00213500

I H(IMl1,JKP1),H(IMI,J,K),0ZKDZK, 0XE,DXWJ 00213600
00213700

AR=SILIN(R(I,.J,K),RIN1,jJPK),DXE,D0dJ 00213800
00213900

ARU12=AR*AUI*AUZ 00214000
ARU13=AR*AU1*AU3 00214100
ARU22=AR*AU2*AU2 00214200
ARU33=AR*AU3*AU3 00214300

00214400
RRY=( AVG12-ARU12 )*DZK*W DXN-DXS) 00214500
RRZ=( AVG1S-ARU13 )*DYJ*I DXF-D)CB) 00214600
RRX=( AVGZ2-ARU2Z I*ZK*c OVE-DYN )+ 00214700
& (AVG33-ARU33 J*DYJ*( DZE-DZ4) 00214800

00214900
AP(IJKJ=AEEI,J,K)+AH(I,J,K)+AN(I,J,K,AS(I,.JK) 00215000
& *AF( I,J,K ).ABI I,J,K J+AEE+A44+ANNGASS+AFF+AB8 00215100
SP(I,J,K)-IRD(I,J,K)*DXW,R0(IMI1,JK)*DXE )/(DX0'4DXE)*V0L0T 00215200
SW I ,JK J= (R00 I ,J ,K )*DXW'4R0D I11,JK J*OXE )/1OXW+DXE )*V0LOT 00215300

& *UOD(I,JK) 00215400
SUII,J,K)=SU(I,J,K)+DYJ*DZK*IPIIMiJK)-P(I,J,K)) 00215500
a +AEER*AI44R.AtVR+ASSR+AFFR+ABBR 0021S600
a *RE -RW+RN-RS.RF-RB+RRY+RRZ-RRX 00215700
Z-BUO)Y*SIN(ZC(K))*((R(I,J,KI-REQU,)J,KjI*DXN*C0SQ(XC(I)),IR(IM1, 00215800
& J,K I-REQ(IM1,J,K))*DXE*C0SIXCIM1)))/(DX'+DXEj*VOL 00215900

100 CON~TINUE 00216000
00216100

C * TAKE CARE OF B.C. THRU ANASAEA'4,AFABPSP AND SU. 00216200
C 00216300
C ** RADIUS DIRECTION 00216400

00216500
DO 500 K=2,NK 00216600
D0 500 1=2,NI 00216700

cc SP(I,Z,K ):SP(I,2,K)+AS(I,Z,K) 00216800
SP(I,,2,K)=SP(I,2,K)-ASII,2,K) 00216900
SU(I,2,K)=SU(I,z r. I2.0*UI(I,1,K)*AS(Ii,2K) 00217000
SP( I,NJ ,K l:SP(I~,NJ,K 3-ANI I,NJ,K) 00217100
AtNtl,NJ,K p=0. 00217200
AZ( 2 ,2,K J=0. 00217300

500 CONTINUE 00217400
00217500

C *w CYLIC CONDITION 00217600
00217700

DO 502 K=2,NK 00217800
00 502 J=2,NJ 00217900
SU12 ,J,KJ=SU(2 ,J,K)+AN4I2 J..K)*Ufl ,JPK) 00218000
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AH(Z vJsK):0.0 00218200
AEtNI,J.K )0.0 00218300

502 CONTINUE 00218400
00,18500

C 4'~ FRONT AND BACK HALLS 00218600
00218700

Do 600 I=2,NI 00218800
DO 600 J=Z,NJ 00218900

C ** SLIP MALLS 00219100
SPtiiJ,2)SPII,JPZ),ABfI ,J,2) 00219200
SP(I,J,1AU:SP (I ,JPW4AF (IJIvI) 00219300

0011040O
AF(I ,J,W4)=O. 00219500
AS(I,J,Z):0O. 00219600

600 CONTINUE 00219700
00219800
002 19000
00220000
00220100

IF (NCHIP.EQ.0) GOTO 105 0200
C 00220200
C ####g#;#;##;;#;;;#,#;,00"Z0400
C **MODIFICATION FOR DECK BOUNJDARIES 00220400

00220500
DO 101 N=1,NCHIP 00220600
IB=ICHPBI N) 002207800
IE=IB,r'CHPIN I1 00220800
!.fl1=IB-1 00:2000
IEP1:IE,1Dozio
Js:JCHpB N) 00221100
.iE=JBNCHPJIN'I-l 00221200
.J8?11 J3-1 00221400
JEP1=JE.1 00221500
YKB:KCHipB N) 00221600
KE=KB~tJCHPKI N )1 00221600
KBM1=rKB-1 00221700
KEP1=KE,1 00221800

00221Q00
CC 102 J:JB,JE-1 0022Z100
D0 102 K:KB,KE-1 00:22200
AE(IBM1,J,K =0.0 00222200
AH(IEPI,J,K :o.o 00Z22 00

0022'00
102 CONTINUE 00Z2600

00222700
D0 103 I=IB,iE 00Z228700
D0 103 K=KB,KE-1 00222800
SP(I,JBMI,K)=SP(I,JBf11,KJ-AN(I,JBM1,K) 00223000
ANlIjIJBIK )=0.0 00223100

00223200
SP(I,JE,K )=SP(I,JE,K)-AS(I,JE,K) 00223300
A31 IpJEK )2O.O 00223400

103 CONTINUE 00223500
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00223600
DO 106 I=IB,IE 00223700
DO 106 J=JB,JE-1 00223800
SP(I,JKBM1 =SP(IJKB?111-AF(IJKBflh) 00223900
AFI,JKBM1)=O.O 00224000

00224100
SPIIJ,KE)=SP(IJ,KE)-AB(IJ,KE) 00Z24200
AB(I,J)KE)=O.O 00224300

106 CONTINUE 002zo00
00224500
00224600

C *- FOR THE CELLS INSIDE OF THE DECKS 00224700
00224800

DO 104 I:IB,IE 00224900
DO 104 J=JB,JE-1 00225000
00 104 K=KB,KE-1 OOZzsIoo
SP(IJ,K)=-l.0E20 00225200
AN IJ,K)=O. 00225300
AE(I,J,K)=0. 00225400
AS(IJ,K)=O. 00225s00
AN(I,J,K)=O. 00225600
SU(I,J,K)=O. 00225700

104 CONTINUE 00225800
101 CONTINUJE 00225900
105 CONTINUE 00226000

00226100
C *~1*" 199sloses 3*9t#IIttf##*fl* ltuwM 00226200
c OOZZ6300

00226400
00226500
00226600

C ** ASSEMBLE COEFFICIENTS AND SOLVE DIFFERENCE EQUATIONS 00226700
00226800

DO 301 K=2,NK 00226900
DO 301 J=2,NJ 00227000
DO 301 I=2,NI 00227100
DYJ=YL(IJ,K,1,0) 00227200
DZK=ZLfI,J,K,1,0) 00227300
DYZ=DYJ*DZK 00227400
APIIJ,K)=AP(I,J,K)-SPtIJ,K) 00227500
DU(I,J,K I:DYZ/AP(IJ,K) 002:7600

301 COtNTINUE 00227700
00227600
00227?00
00228000

C ** SOLVE FOR U 00228100
00228200

CALL TRID (ZZ,2,NINJNKU) 00228300
00228400

DO 74 I=2,NIP1 00228500
DO 74 J=2,NJP1 00228600
U (I,J,1 )=Ut I,J,z) 00228700
U( I,J,NKP1)=U(I,J,NK ] 00228800

74 C04TINUE 00228900
00229000
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00229100
DO 79 11I,NIP1 00229200
D0 79 K=1,NKP1 00229300

C U(I,l,KIUI,Z,KJ 0022Q400
79 CONTINUE 00220500

0022 9o00
00.229700

IF tNCHIP.EQ.01 GOTO 112 00229800
C ti#tUn nt mftttn tttti I sutu tuuu s 002Z9900
C ;w tw;gw;s;vus;v;#g;; 00230000
C w*RESET THE VELOCITY INSIDE OF DECK 00230100

00230200
D0 110 N21,NCHIP 00230300
IB=ICHPBI N) 00230400
IE=IB+NCHPI(N)-l 00230500
JB=JCHPBI N) 00230600
JE=JB+NCHPJ(N)-1 00230700
KB=KCHPB( N) 00230800
KE=KB+NCHPK( N)-1 00230900
D0 108 I=IB,IE 00231000
DO 108 J=JB,JE-1 00231100
DO 108 K=KB,KE-1 00231200
UlII,J,K ':0.0 00231300

108 CCNTINUE 00231400
110 CON.TINUE 00231500
112 CCNTINUE 00231600

C :,~~s;s,:,,,n~,usnsn00231 700
C I;f##;##;# 3;#;t;;g;ss:;;tgnsw00231800

0CZ31900
RETURN 00232000
END 00:32100

00232200
00232300
00232400

C ______________________________________00232500

C ~ ******************************** 0023 2600
AJBROUTINE CALV 00232700

C 00232800
00232900

COMMtIVR4/XC193),YC(93),ZC(03),XS(93,V$93),ZS(93), 00233000
& DXC9)DY(3,ZC9)DX(3,YSP)DZ13 00233100
C0?1?.t/L/X,Y,0Z',VL,DTIMEV0LDT,THOT,TCOOL,PI,Q,QR 00233200
C09MCJ/L7/NI,NIPl .NltilNJNJP1,NJM1,,NKP1,NKil 00233300
& ,NIP2,N4JPZ,NTKPZ.NA,NAPlNAM1,NBNP1,M,KRU'J,N:IP,JRAtr4RP 00233400
C0f~rM)4/BL12/ NHR'ITE ,NTAPE ,N4TMAXO,N4TREAL,TIME ,SORSUM,ITER 00233500
C0O01N/BLlb/ C0NST1,CONSTZ,CONST,C1JST4,C0N4ST6,ItT,U0,H,UGRTBU0Y,00233600
a CPO,PRT,CON4DO,VISO,RHOO,HR,TR,T',OrErlP,TNRITE,TTAPE,ThAX,GC,RAIR00233700
COMMON/3L20/SIG11t2',16,32),SIG12(2Z,16,32),SIG22(22,lb,32) 00233800
a ,SIG13122,16,32),SIG23(22,16,32),SIG3,7(22,16,32) 00Z33900
COMMON/BL22/ICHPB(10),NCHPI 10 IJCHPO(10),NCHPJ(1ObKYCHPB(10J, 00234000
a NCHPK(I),TCHPflO),CPSI1O),CONS,10),NFAN(10) 00234100
COIIOfl/BL31/ TOO(22,lo,32),P.00(22,16,32),POD(22,1,,32) 00234200
A )C00t22,16,32),UODI22,16,32),V00f22,1632)NODi.16,32) 00234300
COft ON/BL32/ T(22,16,32),R122,lb,32),PP22,l6,32) 00234400
a ,C122,16,32),Uf22s16,32),Vg22,16,32),WI22,l6,32) 00234500
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COMMION/BL33/ TP0t,2,1b,3,RPt:22,16.3,PPD(z,1,16,3z, 00234600
& ,CPD[22,16,3Z),UPD(22,16,32)oVPD(2' 1,b32)*HPD(22*16,32) 00234700
COMMO1N/BL34/ HEIGHTI 22,lo,32 I REQ( 22 ,1b,32), 00234800
1 SMP(2,1~lt,32),SMPP(2Z,16,32),PP(22,16,32), 00234900i
& 0UC22,16,32!),OV(2,,16,32),DH122,lo,32) 00235000
COtMON1/BL3/APIZ,2,1,32)bAE(,plo,321,AN122,16,3Z),AN(22,16,32), 00275100

& AS2,~3IA(Z1,ZA(21~C,00235Z00
a SPI22,16,32ISU(22,16.32'I,RI(22,16,3z1 00235300

COIIION/8L37/ VIS(ZZ,16,321,*COND(2Z,16,32 ',NJOD22,16,32),RK4ALLt579)00235400
A ,CPIMU22tl6v3Z)pHSZf3p2)oNHSZf2Z,1bp32).RESORMlI93J 00235500

00235600

C* CALCULATE COEFFICIENTS 00235800
00235900

DO 100 K=2,t( 00236000
KPZ=K*Z 00236100
KPI=K~l 00236200
KM1=K-1 0023b300
FM2=K-2 00236400
00 100 J=3,NJ 00236500
JP2=J+2 00236600
JP1 ~j41 0023b000
Jtll J -1 00236800
jt12:j-2 00236900
DO 100 I=2,NI 00237000
IP2=I.2 00237100
IP1=I+1 00237200
IM1I -1 00237300
1M2=T-2 00237400
IF (I.EQ.2) IM2=14IMI 00237500
IF (I.EQ.NI) IP2=3 00237600

00237700
00237800

C CENTRAL LENGTH OF THE SCALE CONTROL VOLUM1E 00237900
00238000

0XPI=XL( IPI ,J,K,2,0) 00238100
DXI =XL(I ,J,K,2,O) 00238200
DX?.1=XL(I t1,J,K,2,0) 00238300

00Z384.00
DYPI=YL(I,JP1,K,2,0) 00238500
DT'J =YLfI,J ,K,ZO) 00:38o000
DYMl=YLt I,JM1,K,Z,0) 002Z3700

00238800
DZPl=Z'.E I,J,KPl,2p0) 002,3800
02K, =ZLII,J,K ,2,0) 00239000
CZ,')lZLf I,J,KHI ,2,0) 00239100

00239200
C ** SURFACE LENGTH OF THE CONTROL VOLUME 00239300

0023q400
OXN=XLI I,JPI,K,2,2) 00239500
DYS:XL(I,J ,K,Z,2) 00239600
DXF=XL(IJ,KP1,2,3) 00239700
DXB=XL(I,J,K ,2,3) 00239800

00239900
DYF=YL( I,J,KP1,2,3 1 00240000
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DYBzYL(I,J,K ,2,3) 0200
DYE:YL(II,J,K,2,1) 00240200

YN=YL(I ,JK,2,1) 00240200

OZE=ZL(IP1,J,K,2,1) 00240400
DZH=ZLI ,J,K,2,1) 00240500
DZN:ZL( I,JP1 ,K .2,2 00240600
DZS=ZLII,J ,K,2,21 00240700

002410800
00241100

OXEEXLIIPZ,J,K,2.1) 00241100
OXE =XLIIPI,J,K,2,1) 00241300
DXW =XLI ,J,K,,,) 00241300
OX'O.4XL(IM1,J,K,2,1) 00241400

00241600
DYNN=YLI I,JP2,K,2,2) 002416700
DYN =YL(I,JPI,K,2,2) 00241700
DYS =YL(IJ ,K,2,2) 00241800
OYSS:-YLC I,JN1l,K,2,2J 0024100

002421000
OZFF:-ZL( I,J,KPZ,2,3) 0024^C100
OZF =ZL(I,J,KP1,2,3) 00242200
OZ8 =ZL(I,J,K ,Z,3) 0024Z3.00
DZBB=ZL( I,JKM1,Z,3) 00242400

00242500
C D* EFINE THE AREA OF THE CONTROL VOLURME 00242700

DXYF=DXF*0YF 00242800

DYYB=0XB*DYB 0024300
OYZE=0YE*CZE 002431000

DYZW=DYki*DZN 00243100

0ZXN=DZN*DIJ4 00:43200

DZXS=DZS*0XS 0024300
00243500

VOL=DXI*DYJ*DZK 00243600
VOLDT=VOL/OTIME 00243600

00243800

ZXOYN:OZXJ/OYN 00243800
Z/0Y37,=cz/,s 002400
XYCZ7F:ZYFC 002441000

X'-cZBD>: B/DZa 02"44200
YZ0XE :D'fZE/DXE 00244300
N Z0A<=D yzli/Dxw 00244300

002+450 0
002445~00

C ** USE S~tJGLE AND BI-LINEAR IITEPPOLATION TO EVALUATE 00244700
C & PHYCSICAL PR0PERTIE' A140 FLUX ON THE SURFACES. 00244800

00244900
00245000GEN=SlLlt4IRtlP1,J ,K),Rfl,j K),DXPI,DXI )*UIIPJ,j ,K) 00245100

GES=SILlINIRhIPlJH1,KIRIIJMI,K),0xPl,DXII*UIIPlJM1lK) 00245200
GHlN=SILl~RI~cM1,j ,KI,RIZ,J YI),DX?1.X)ulI ,J K) 00245300
GKS=SILINI(RIIMlJH1,KJRtIJMI,K),)X.1,0XIIUZ )JH1,K) 00245400

00245500
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GN :SILIN(R(I,JP1,K),R(I,J ,K),DYNN,DYNI*V(I,JPlPK) 00245600
GP =SILIN(R(IJMlKIR(IJ ,KIPDYS ,DYN3*V(IJ )K) 00245700
GS =SILIN(R(I,JMZKJRIIJ11,K),DYSSDYS)*V(IJ11,K) 00245800

00245900
GFN=SILIN(R(I,J ,KPspRtil,J K,DZPI,DZK)*H(I,J ,KPJ) 00246000
GFS=SILINR.I,JtI1,KP1 ),RII,JMI,K),DZPI,DZK 3*3'43,JMI,KPIJ 00246100
GBN=SILINIRII,J ,KMI1,R(I,j ,K),DZM1,DZK),kH(I,J ,K ) 00246200
GBS=SILIN(R(I,JM,K1),R1,-J1,KJPD0ZMlDZK)*LIJ1,K ) 00246300

00246400
CN=0.S*(G;N+GP I*DZ)X4 00246500
CS=0.5*gGP+GS )*DZXS 00246600

00246700
CE=SILINIGEN,GES,DYN,DYS 3*DYZE 00246800
CH=SILINI G)4',GS,OYN,DYS )*OYZH 00246900

00247000
CF=SILINI GFN,GFS,DYN,DYS 3*0XYF 00247100
CB=SILINL GBNGBS,DYN,DYS ,'.OXYB 00247200

00247300
VISN=VIS(I,J AK) 00247400
VISS=VIS( I,JM1 ,K) 00247500

00247600
VISE= tVIS(IP1,J ,K)+VIS(I,J ,KI. 00247700
& VIS[IPIJtl,K 3.VIS(I,JM1,K3 3/4.0 00247800
VISI4 (VIS!1311,J ,K)+VISII,J ,K)+ 00247900
& VI (IMI,JM1,K).VISII,JM1,K)3/4.0 00248000

00248100
VISF= (VIS(IpJ ,KPI)*VZS(I,J ,K)+ 00248200

&VIS(I,JMi,KP1).VIS(I,,JM1,KL3/4.0 00248300
VISS: (VIS(I,J ,KM)+VISII,J ,K)+ 00248400
& VIS(I,JMI,KI)13VIS(I,JMI,K) 3/4.0 00248500

00248b00
00248700
00248800

VISN1=ZXvOYNVISN 00248900
VIG51 :Z-OYS*VISS 00249000
VISEI1 YZOXE*VISE 00249100
VISHI :YZoXw*VISH 00249200
VISF1=XYOZF*VISF 00249300
VIIB1:XY0Za~visB 00249400

00249500
C 002496)00

CEP=( AeSt CE ).CE 3*XP1*OXI/( DXE* OXE.DXH 33/8. 00244700
CEM=(ABZ-ICE 3-CE I*D0P1*DXI/0s:E*IDXE+DXEE 33/8. 00249800
CHP=(AACSI C14 I.CH 3*DX~II CX-I/3 OXN*( 0AXK34 3/8. 00240900
CKM=:(APS(CN3-CN,*XI,1I*XI/(XH(D>.+DXE ))/8. 00250000

c 00250100
CtIP=(A9S(CN.).CP41*OYN/DYJ/16. 00250200
CN4MI:3ABSI CN I-CN I*DYtiVDYP/16. 00250300
CSP=( ABSE CS 34C33*DYS/DYM1/16. 00250400
CSM:3 ABSI CS 3-CS JNDYS/DYJ/16. 00250500

C 00250600
C 00250700

CFP=(IABSI CF ).CF 1NZP1*DZK/t ZFNI OZF.DZB ) 3/8. 00250800
CFM=(ABS(CF)-CF3*DZP14.0ZK/0DZF*h30ZF.0ZFF3 3/8. 00250900
CBPz(ABS3 CB 3CB )*0ZM1*DZK,/IDZB*( DZB.DZBB 3 /8. 00251000
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CBH=* ABSI CB )-CB )*DZM1*DZK/t DZB*( DZB.DZF )1/8. 00251100
C 00251Z00
C 00251300

AEI,J,K):- .5*DXI/DXE*CE+CEP+CEM*( I. +OXE/DXEE )+CWM*DN ' /IPZSE1 00251400
AHII,J,Kl= .5*DXI/DXH*CH+CHH+CHP*tl.+D+XH/DXY)+CEP*DXE/DXW VISH1 00251500

C 00251600
AN(I,J,K)=-.S*CN+CNP+CNM*1. DYN/DYNN +CSH*DYS/DYNVISN1 00251700
AS(I,J,K = .5*CS+CSM1,CSP*11.+DYS/DYSS)+CNP*DYN/DYS+VISS1 00251800

C 00251810
AFII,J,K)=-.5*DZK/DZF*CF+CFP+CFM*(1. DZF/DZFFI+CBM*DZB/DZFVISF1 00251820
AB(I,J,K)= .S*DZKDZB*CBCBM CBP*II. DZB/DZBBJ+CFP*DZF/DZB#VISB1 00251830

C 00251840
00251900

801 AEE=-CEM*DXE/DXEE 00252000
AEER=AEE*VPDI1PZ,J,KJ 00252100

802 CONTINUE 00252200
00252300

803 ANN=-CHP*DX/DX*4 00252400
ANWR=AHN*VPDIM2,JK) 00252500

804 CONTINUE 00252600
00252700

IF (J.LT.NJ) GOTO 805 00252800
ANN=O. 00252q00
ANNR=0. 00253000
GOTO 806 00253100

805 ANN=-CNM*DYN/DYtt 00253200
ANNR=ANN*VPD(IJP2,K) 00253300

806 CONTINUE 00253400
00253500

IF (J.GT.3) GOTO 807 00253600
ASS=O. 00253700
ASSR=O. 00253800
GOTO 808 00253900

807 ASS=-CSP*DYS/DYSS 00254000
ASSR=ASS*VPDIIJM2,K) 00254100

808 CONTINUE 00254200
00254300

IF IK.LT.NK) GOTO 809 00254400
AFF=O. 00254500
AFFR=O. 00254600
GOTO 810 00254700

809 AFF=-CFM*DZF/DZFF 00254500
AFFR:AFF*VPD(I,J,KP2) 00254Q00

810 CONTINUE 00255000
00255100

IF IK.GT.2) GOTO 811 00255200
ABB=O. 00255300
ABeR=O. 00255400
GOTO 812 002E5500

811 ABB:-CBP*DZB/DZBB 00255600
ABBR:ABB*VPDII,J,KM2) 00255700

812 CONTINUE 00255800
00255900
00256000
00256100
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c 00256200C I00256300
C -1 MODIFICATION FOR DECK BOUNDARIES 0025 400

900 COfNTINUE 00256500

IF (NOD(IM1,J,K).EQ.O) GOTO 901 00256700
ANWWO.0 00256800
ANWR=O.0 00256900

901 COtTINUE 00257000

IF INOD(IP1,J,K).EQ.O) GOTO 902 00257200

AEE=0.o 00257200

AEER=O.0 00257300
00257400

902 CONTINJE 00257500
IF (NOD(IJtZ,K).EQ.0) GOTO 903 00257700
ASS=0.0 00257800
ASSR=O.O 00257900

00258000
903 CONTINUE 00258100

IF (NODIJP1,K).EQ.0) GOTO 904 00258200
AN14=0.0 00258300

AJNNR=O. 0 00258300
00258400

904 CONTINUE 00258500

IF (NOD(I,J,KM1).EQ.O) GOTO 905 00258700

ABB=0.0 00258800
ABBR=0.0 00258800

00258900
905 CONTINUE 00259000

IF (NOD(I,J,KP1).EQ.0) GOTO 906 00259200

AFF=0.0 00259300
AFFR=0.0 00259300

906 CONTINUE 00259500
00259500

C 00259600
0025q700

00259900
00250000

C*** SU FROM NORMAL STRESS 00260100

002b0200RI=(SIG22(I,J ,K)-IVi,JPl,K)-VI,J ,K))*VISN/YN I*DZXN 00260300
RS=(SIG22hI,JMi,K)-{V(I,J ,K l-V',JM1,K) )*VI.ZS/DYSI*OZY- 00260400RE: SIGI2(IP1,J,K)-VIp1,J,K-VtIJ ,K)I*VISE/DXE I*DYZE 00260500RW=tSIG12(I ,J,K j-(V(I ,J,K'-V(IMI,J,K)I*VISW/DXH)*DYZH 00260boo
RF=(SIG-23(I,J,KPl-(V( I,J,KpI -V I,JK JI*VISF/DZFI*DxYF 00260700
RB=(SIG23(I,J,K )-(VII,J,K )-VII,J,KM1)J*VISB/DZBI*DXYB 00260800

00260900C SU FROM CURVED STRESSES AND ACCELERATIONS 00261000

00261100AVG12=0.5*SIG12i1Pl,J,K) +SIG12!I,J,K)) 00261200
AVG23=0.5*ISIG23(I,JKP1)+SG231IJ,K)I 

00261300
AVG11=SILINISIG11(I,J,K ISIGIII,JM1,K),DYtj,DY) 00261400AVG

33
:SILINtSIG33(IJ,K),SIG3311,JM1,K),OYNDYS) 

00261500

00261600
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AU2:V(I,J,Kl 00261700
AU14BILINtUtIPlj ,K),U(IJ ,KhODXI,DXI, 00261800
8U(IPIJMI,K)UIJ11I'K,UXlDXI, OYN,DYS) 00201900

AU3=BILIN(Mil ,J,KPI),W(I ,J,K),DZK,DZK, 00262000
Ha NIJMlKP1 )PH(IPJMlK),OZKODZK DYNOYSI 00262100

00262200
AR=SILIN(R(I,J,K),R(I,JM'1,K),DYN,0YS) 00262300

00262400
ARUl 2 AR*AU1*AU2 00262500
ARU23 :AR*AU2*AU3 00262600
ARU11=AR*AU1%AUl 00Z62700
ARU33=AR*AU3*AU3 00262800

00262900
RRX=I AVG12-ARU1Z )*DZK*( OYE-YN') 00Z63000
RRZ=I AVG23-ARU23 )*DXI*( DYF-DYB) 00263100
RRY=( AVG11-ARU11 )*DZK*I DXN-DXS 1+ 00263200
a I AVG33-ARU33)*DXI* DZN-OZS) 00263300

00263400
00263500
00263600

APIIJ,K)=AE(I,J,K).AW(I,J,K)+AN(IJKI+gA~tI,J,K) 00263700
a *AFII,J,K ),ABII,J,K),AEE+ANH.AtN.ASSAFFABB 00263800
SP(I,J,Kl=-IROD(I,J,K IftYS+RCD(IJMIK)*0Yt4)/)DYSOYN)*VOLOT 002b3900
SU( IPJK): (ROOI IJKI*DYSROO( I.JM1,K )*DYN ill YS.OYN *VOLOT 00264000
& *VOO(IJK) 00264100

00264200
SU(I,J,K)=SU',I,J,K1,DZK*0XI*EPII,JM1,K)-P(IJK)) 00264300
a *AEER.A$4R4At4NRASSR4#AFFR.ABBR 00264401)
a 4RE-RH+RN-RS+RF-RB.RRX4RRZ-RRY 0026450C
a -BUOY*URU,J,K-REQIJK*YS+R(IJ1,K, 002646011
a -REQ(IJMlK))*OYN)/IDYS4OYNJ4*VOL*SIN(ZC(K)J*SIN(XC(I)) 00264700

100 CONTINUE 00264800
00264900

C 00265000
C** TAKE CARE OF B.C. THRU ANASPAEAj4PAFPAB,SP AND SU 00265100

C 00265200
C * RADIUS DIRECTION 00265300

00265400
00 500 K=2,t4( 0026-9500
00 500 I=2,NI 00265600

cc SPl,3,KJ=SF(I,3K)+AS(I,3,K) 00265700
S'JII,3,K)=SUtI,3,Kj.ASII,3,K)*V(I,2,K) 00265800
AS) 1,3 ,K )0. 00265900
ANIIdtjJ,K )=0. 00266000

500 CONTINUE 002b6100
00266200

C ** CYLIC CONDITIONS 002oo30G
00266400

00 502 K=2,NK 00266500
DO 502. J=3,NJ 00266600
SU(2 ,J,K)=SU(2 ,J,KI+AH(2 ,J,K)*VI1 ,JPK) 00266700
SU(NI,J,K)=SU(NI,J,K),AE(NI,J,K)*V(NIP1,J,KJ 0026bP800
AHI2 ,J,K)=0.0 00266900
AEINI,J,K)0O.0 00267000

502 CONTINUE 00267100
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00267200

C*4 FRONT AND BACK KALL 00267300

00 600 I=2,NI 00267500
00 600 J=3,NJ 

00267500
JHI=J-1 00267700

00267700
C *.- SLIP WALLS 00267900

SP(IJPZI=SPIIJ,2),AB(I,J,2) 
00267900

SP( 1,J,NK)=SP(I,J,NK),AF I ,J,W) 00268100
00268200AF(IJNKI=0. 00268300

AB(IPJP2)=O. 00268400
600 CONTINUE 00268500

00268600
00268700
00268800C 
00268900C M ODIFICATION FOR DECK BOUNDARIES 00269000

00269100DO 101 N=1,NCHIP 00269200
IBzICHPB(N) 00269300
IE=IB+NCHPIIN)-l 0026Q4 00IBI=IB-1 00269500
IEP1:IE+l 00269600
JB=JCHPB(N) 00269700
JE=JB+NCHPJ(N)-i 00269800
JBMI=JB-1 00260900
JEPI=JE,1 00270000
KB=KCHPBtN) 00270100
KE=KB+tCHPK(N)-1 00270200
KBM=KB-l 00270300
KEP1=KE+l 00270400

00270500DO 102 J=jBJE 00270600
DO 12Z KKBKE-1 00Z70700
SP(IBM1,JK)=SP(IBM,JK)AE(IB11JK) 00270800
AE( IBMI,J,K )=0.0 00270900

00271000SPIIE,JK =SP(IEJ,K)-AH(IE,J,K) 00271100
A1IE,J,KI=0.0 00271200

102 CONTINUE 00271300

0027140000 103 I=IBIE-1 00271500
DO 103 K=KB,KE-1 00271600
AN(1,JBMl.K =0.0 00271700
AS(I,JEP1,K)=O.O 00271800

103 CONTINUE 00271900

00272000DO 106 I=IBIE-1 00272100
DO 106 J=JBJE 00272200
SP(I,JKBM1)=SP(IJKBM1)-AFtIJKBN1) 00272300
AF(I,JKBM1):O.O 00272400

00272500SP(IJ,KE)=SP(IJ,KE)-AB(I,J,KE) 00272600
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ABlIJ,KE )az0O 00272700
106 CONTINUE 002 72800

00272900
00273000C 00273100

C 00271200
C *** MODIFICATION FOR THE CELLS INSIDE OF THE DECKS 00273,300

00Z73400
DO 104 I:IB,IE-1 00273500
D0 104 J=JB,JE 00273600
D0 104 K:KB,KE-1 00273700
SP(IpJK)=I:.OEZ0 00273800
AW(IJKJ0O. 00273q00
AEEI,J,K )=O. 00274000
AS I ,J,K )0. 00274100
At I,~J)O. 00274200
SUII,J,K)=0. 00274300

104 COtJTINIJE 00274400
101 CONTINUE 00274500
105 CONTINUE 00274600

00274700
00274800
00274900C 00275000

c 00275100
C 00275200
C ** ASSEMBLE COEFFICIENTS AND SOLVE DIFFERENCE EQUATIONS 00275300

00275400
DO 300 K=2,NK 00275500
D0 300 J=3,NJ 00275600
D0 300 I=2,Nl 00275700
DXI=XLI I,J,K,2,0) 00275800
DZK=ZL(lI,J,K,2,0) 00275900
DZX=DZK*DXI 00276000
APIIPJKI=AP(I,J,K)-SP(IJPK) 00276100
OV(Z,J,KI=0ZX/AP(I,J,KJ 00276200

300 CONTINUE 00276300
00276400
00276500

C *** SOLVE FOR V 0027a600
00276700
00276800

CALL TRIO (2,3,2,NI,NJ,NK,V) 00276000
00277000
00277100

DO 74 I=Z,NlP1 00277200
0O 74 J=2,tIJP1 00277300
VfI,J,1 :v(I,,) 00277400
Vt Il,NP1 JV( I,J,W#) 00277500

74 CON4TINUE 00277600
DO 79 I:1,NIP1 00277700
DO 79 K=1,NKPI 00277800

C V(I,2,K)=V(I,3,K) 00277900
79 CONTINUE 00278000

00278100
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00278200
IF INCHIP.EQ.O) GOTO 112 00278300

C u # n # v s: s t ; ; v t s n s 002 784.00
c #;~;;;t:;:s;;~w;#;n;~s 00278500
C **RESET THE VELOCITY INSIDE OF THE DECKS 00278600

00Z78700
DO 110 N~1,NCHIP 00278800
IB=ICHPBI N) 00278900
IE=IB4NCHPI(N 3-1 00279000
JB=JCHPB( N) 00279100
JE=JB.NCHPJ(N)-1 00279200
KB=KCHPBI N) 00279300
KE=KB.NCHPK(N )-1 COZ79400
DO 108 1=18,IE-1 00279500
DO 108 J=JB,JE 00279600
DO 108 K=KB,KE-1 00279700
VEi,J,K)=0.0 00279800

108 CONTINUE 00279900
110 CONTINUE 00280000
112 CONJTINULE 00280100

00280200
C it*tuiittttttttitttitwtt00280300
C ######;;#~:;~;n;;##vt#t;#tn##s00280400

RETURN 00280500
END 00280600

00280700
00280800
00280900

C ___________________________________00281000

C ********~**********~*****~******* 002P81100
SUBROUTINE CALN 00281200

C 00281300
CO04/R4/XC(93),YC(93),ZCW93),XS(93),YS(93),ZSt93), 00281400

& DXXC(93),DYYC(9?3),DZZC(93),DX.XS(93),0YYS(9!),DZZS(93) 00281500
COHION/BL1/OX,DY,DZVOL,DTIME ,VOLOT,THOTTCOOLPI ,Q,QR 00231600
COMMON/BL7/NI ,NIP1 .NIH1 ,NJ oNJP1 ,NJT11 ,NK ,NKP1 ,NKM1 00281700
& ,NlIP2,N4JP2,NKP2,NANAP1,NA1,N,NPlNBM1KRU,NCHIP,NJRA,NH1RP 00231800
C0HH0OJ/BL12/ NWRITE ,NTAPE ,NTMAXO,NTREAL ,TItIE ,SORS~fl,ITER 00281900
COM21N/BL16/ CONSTi ,CONSTZ ,CONST3 ,COtJST4,C0NST6 ,NT,UO,H ,UGRT,BUOY ,00282000
& CpoPRT,CON0DO,VISO,RHOO,HR,TR,TA,DTEMPTNRITE,TTAPE,TMAX,GC,RAIR00282100
COMN1O1V8LZ0/SIG11(22 ,16,32),SIG122',1632SIG222216,3) C0282200
& ,SIG13(ZZ,16,32),SIG"3(22,16,3"))SIG33122,16,32) 002E2300
COtIMO/L2/ICHPB1O),NCHPI(10J,JCMPB(10),CHPJ 10i,KCHPB(10), 00-482400

9 HCHPK(10),TCHP(10 ),CPS( 1O),CONS1 10),HFAN(10J 00282500
COXHMON/BL31/ TOD(22,16,32),RO(Z,6,32),P00122',16,32) 00282600
& ,CODt22vl6,3^,),UOD(22,16,32),V'OD(22,16,32),WDD(22,16,32) 002E'700
COt'O~n/L32/ T(22,16,32 ),R(Z2,16,32 ,P(ZZ,16,32) 00282800

& ,C(22,16,32),U(22,16,321,V(22,16,32),W(22,16,3Z) 00282900
COMMON/BL33/ TPD(22,1A6,32),RPD(2'2,16,32),PPD(22,16,32) 00283000
& ,CPD(22,16,32),UPD(22,16,32)oVPD(22,16,32),HPD(22,l6,32) 00283100
COMIION/BL34/ HEIGHT(22,16,32),REQ(22,l6v32)p 00283200
a SMP22,16,32),SMPP(2,16,32),PP(22,l6,32), 00283300
& DU)22,16,32),DV(Z2,16,32),D(22,16,32) 00283400
COM*10N/BL36/AP(22,16,32),AE(22,1632),A'422,16,32)-A(22,16,32), 00283500
& AS(22,16,32),AF(22,16,32),AB(22,16,32), 00283600
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& SPI22,16,32),SU(22,16,32htRlt22,16932) 00283700
COI9ION/BL37/ VIS(Z2,16,32)hCOND(22,16,3iNO(Z,16,32,RKALL(579100283800

& ,CPM(221,16,32),HSZ'3;2),NH.SZ(2Z,16t,32RESOR (93) 00283900
00284000
00284.100

C *wCALCULATE COEFFICIENTS 00284200
00284300

D0 100 K=3,M( 00284400
KP2=K.2 00284500
KP1=K.1 00284600
KM1=K-1 00284700
Ktl2=K-2 00284800
D0 100 Jz2,NJ 00Z84900
JPZ=J+Z 00285000
JP1:J,1 00285100
Jm1~j-1 00285200
JFI2:J-2 00285300
00 100 I-2,NT 00285400
IP21.2Z 00285500
Ip1=I+1 00285600
Ifll=I-1 00285700
IMZ=I-2 00,185800
IF (I.EQ.Z) IM2=NI~ 00265900
IF (I.EQ.NIJ IP2=3 00286000

002$6100
00286200

C CENTRAL LENGTH OF THE SCALE CONTROL VOLUIME 00286300
0028b400

OXPI=XLI IPI,J,K,3,0J 00286500
DXI =XL(I ,JK,3,0) 00286600
DX1=XL(IM1,J,K,3,0 J 00286700

00Z8b800
OYP1=YL( I,JPI,K,3,0) 00286900
DYJ =YL(I,J ,K)3,0) 00287000
0YM1=YL( I,JMI,K,3,0J 00287100

00287200
DZP1=ZL(I,J,KP1,3,0 J 00287300
OZK =ZL(I,J,K ,3,0) 00287400
OZtI1=ZL( I,J,KM1,3,0) 00287500

0028 7o00
C ** SURFACE LENGTH OF THE CONTROL VOLUM~E 00287700

00Z87800
DXN=XL( I,JP1 ,K,3 ,2) 00287900
DXS=XL(I,J ,K,3,2)I 00288000
DXF:>:LtI JsKP1,3,3) 00283100
DXB=XL(I,J,K ,3,3) 00283200

00288300
0YF=YL( I ,JKP1 ,3 3) 00288400
DYB=YL(I,J,K ,3,3) 00288500
CYE=YL(IP1,J,K,3,1 j 00288600
DYH=YL(I ,J,K,3,1) 00288700

00288800
DZE=ZL(1P1,J,K,3,I) 00288900
DZN:ZLII ,J,KP3,1) 00289000
DZN=ZLI I,JP1,K,3,2) 00289100
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DZS ZL( IJ ,K,3y2) 00289200
00289300

C 41* CENTRAL LENGTH OF THE STAGGERED CONTROL VOLUME 00289400
00289500

OXEE:XL(P2,J,K,3,13 0028qb00
OXE =XL(IP1,J,K,3,11 00289700
DXN :XL(I ,J,K,3,I) 00289800
DX34*XLI IM1,J,K,3,1) 00289900

00290000
DYNNYL(,JP2,K,3,2) 00290100
DYN =YL(I,JP1,K,3,2) 00290200
DYS =YLII,J ,K,3,2) 00290300
DYSS=YL( I,JMI,K,3,Z) 00290400

00290500
DZFF=ZL(I ,J,KP2,3,3) 00290600
DZF =ZLII,J,KPI,3,3) 00290700
DZB =ZLtI,J,K ,3,3) 00290800
DZBBZL(I,J,KM1,3,3) 00290900

00291000
C ** DEFINE THE AREA OF THE CONTROL VOLUME 00291100

00291200
DXYF=0XF*DYF 00291300
DXYB=DXB*0Y8 00291400
DYZE =DYE*0ZE 00291500
DYZNDYH*OZH 00291600
DZXN=DZN*DXN 00Z91700
DZXS=DZS*DXS 00291800

00291900
VOL:DXI*DYJ*DZK 00292000
VOLDT=VOL/DTIME 0029Z100

00292200
ZX0YN=DZXN/DYN 00292300
ZXOYS=0ZXS/DYS 00292400
XYOZFODXYF/DZF 00292500
XYOZB=DXYB/DZB 00292600
YZOXE :DYZE/DXE 00292700
YZOXH=4DYZW/DXH 00292800

00292900
03293000

C ** USE SINGLE AND SI-LINEAR INlTERPOLATION TO EVALUATE 00293100
C & PHYSICAL PROPERTIES AND FLUX 0ON THE SURFACES. 00293200

002P3300
00293400

GNFS!LINR(I,JP1,K ),R(I,J,K J,DYP1,DYJ)*V(I,JP1,K )00293500
Gu3S=SILINRI,JPI,KMI),RtI,J,KMI),DYP1,DYJ)*VUI,JPI,KI) 002Q3600
GSF=SILIN(R(I,JM1,K ),R(I,J,K ),DYM1,OYJJ*VlIJ PK ) 00293700
GSB=SILIN4(R(X,JM1,KM1J,RIJ,KM1J,DYM1,DYJJ*V(I,J ,KM1i 00291800

00293900
GF :-SILIti(R(I,JPKPl),R(I,JK ),DZFF,DZF)*H(I,J,KPl) 00294000
GP =SILIN(R(I,J,KMl;,R(I,J,K J,0Z8 ,0ZFI*N(I,J,K ) 00294100
GB =SILIN(R(I,J,KM2),R(I,JKM13,OZBBDZB3NH(IJKM1J 00294200

00294300
GEF=SILIt4(R(IP1,J,K )PR(IJK ),DXPI,DXI)4*U(IP1,JK )00294400
GEB2SILINIR(IP1,J,KM1),R(IJ,KM1),DXP1,DXII*u(IP1,J,KM1) 00294500
GWFzSILIN(R(IM1,JK ),R(IJ,K ),DXM1,DXI)*U(I ,J,K J 00294600
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00294800
CF=0. 5*1GF+GP )*DXYF 00294900
CB=0 .5*1 GP+GB )*DXYB 00295000

0029~5100
CN=SILINl GNF ,GNB,OZF ,DZB 1NDZXN 00205200
CS=SILIN(GSF,GS8,0ZF,DZB ,*OZXS 00295300

00295400
CE:SILIN( GEF ,GEB,0ZF,OZB I*OYZE 00295500
CN=SILINi GHF,GHB,DZFOZB l*DYZ1 00295600

00295700
VISF=VIStI,J,K 300295800
VISB=VIS1 I,J,KM1) 00295900

00296000
VISNr (VIS(IJPlK )*VISII,J,K )+ 00296100
aVIS(IJP1,KMI1)+VIS(IIJKMI)J/4.0 00296200

VISSM (VIS(I,JMI,K )+VIS(IJK 3+ 00296300
A VIS(I,JMI,KM1)+VIS(I,JK1))/4.0 00296400

00296500
VISE= IVISiIP1,J,K )+VISII,J,K )+ 00296600
a VIS (IP1,J,KMI).VIS(I,J,KM1I1/4.0 00296700
VISN= IVZSIIIM1,J,K 3.VISII,J,K )+ 00296800
a VIS(1t41J,KM1)VS,vJ,KM1)3/4.0 0029b900

0029 7000
00297100

VISNI :XOYN*VISN 00297200
VISS1=ZXOYS*VISS 00297300
VISE 1=YZOXE*VISE 00297400
VISH1=YZOXN*VSI4 00297500
VISF 1=XYOZF*VISF 00Z97600
VISB1=XYOZB*VISB 00297700

00297800
C 00297900

CEP=(ABSICEICE lNDYP1NOXI/EOXE*IXEOXN )1/8. 00298000
CEM=(ABS(CE 1-CE 1*0XPI*DXI/I0X:E*1DXE.0XEE) 1/8. 00298100
CHP:&ABZ(CNICHI*OX?11*DXI/IDXW*IOXHDXHNj 3/8. 00298200
CNM=IABSI CN)-CJ'u*D>.fll*DXI/I DXN*( DX344XE 3)/8. 00298300

c 002984~00
CtPD:1ABSI CN)+CN l*DYP*DJ/I DYN*I DYN+DYS WS/. 00298500
CN.=t ABS CNi-CN1*DYP1*DYJ/lDYN*(DYN,0YNN) )/8. 00298600
CZP= ABSI CS I+CS 1*OYM1*DYJ/1 DYS*l DYS4DYSS3 3/8. 00298700
CSM=( ABZI .CS i-CS l*OYt11*D'J/( DYS*I OYS.OYN4 ))/8. 00298800

C 00298900
C 00299000

CFP=(ASCF l+CF I*DOZF/DZK/16. 00299100
CFM=IADiiCF 1-CF 1*DZF/DZP1/16. 00299Z00
C8P=I AB~ CS l.CB )-0ZB/0ZH1/16. 00299300
CBM=( ABSt CB 3-CB )*DZB/DZK/16. 00299400

C 00299500
AE(I,J,K1:-.5*0XI/DXE*CE+CEPCEM*11.+0XE/DXEE 3*CI'#*X/DXEVISE1 00299 600
AN(I ,J ,K) 3: * 5XI/DX*C+CWMCKP*(1. ,DXK/DXWH)+3CEP*DXE/OXH4+VISHI 00299700
AtU I ,J,K 1:-.5*DYJ/0YN*CNCNPCNM*1 1. 0Y14/DY'#4 CSM*DYS/DYNVISN1 00299800
AS(I IJK 3 .S*DYJ/DYS*CSCSM1,CSP*(l1.+DYS/DYSS l.CNP*DYN/DYS+Vlssl 00299900

C 00300000
AF(I IJK 3:-.NCFCFPCFM*E 1. .ZF/DZFF )+CBM*OZB/DZF.VISF1 00300100
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AB IJKI .5*CB4CBM+CBP*(1.+DZB/DZBB)+CFP*DZF/DZB+VISDl 00300110
C 00300120

00300200
801 AEE=-CEM*DXE/OXEE 00300300

AEER=AEE*HPDIIP2,JK) 00300400
802 CONTINUE 00300500

00300600
803 AHH:-CP*DXI/DXWH 00300700

AHR=AWO4kiPD(IMZ,J,K) 00300800
804 CONTINUE 00300900

00301000
IF EJ.LT.NJ) GOTO 805 00301100
ANN=O. 00301200
ANNR=0. 00301300
GOTO 806 00301400

805 ANN=-Ct*i*DYN/DYNN 00301500
AtVJR=AtJNM*PDI I,JPZ,K) 00301600

806 CONTINUE 00301700
00301800

IF (J.GT.2) GOTO 807 00301900
ASS=O. 00302000
ASSR=O. 00302100
GOTO 808 00302200

807 ASS=-CSP*OYS/DYSS 00302300
ASSR:ASS*WPO(I,Jfl2,K) 00302400

808 CONTINUE 00302500
00302600

IF (K.LT.W,) GOTO 809 00302700
AFF=O. 00302800
AFFR=O. 00302900
GOTO 810 00303000

809 AFF=-CFM*DZF/DZFF 00303100
AFFR=AFF*HPtI,J,KPZ) 00303200

810 CONTINUE 00303300
00303400

IF (K.GT.3) GOTO 811 00303500
ABS=0. 00303600
AB3R=O. 00303700
GOTO 812 00303800

811 ABB:-CBP*DZB/DZBB 00303900
ABBR=ABB*HPD(I,J,KM') oo0n4000

812 CONTINUE 00304100
00304200
00304300

C #;##;:s;;9:;#s#;;n#n#us;##00304400
C I;~;;;;#;;;;;;;;;:;w~00304500
C *** MODIFICATION FGR DECK BOUNDARIES 00304o00

00304700
900 CONTINUE 00304800

IF INODIM1,J,K).EQ.O) GOTO 901 00304900
Ai4q=0.0 00305000
AiHR=0.0 00305100

00305200
901 CONTINUE 00305300

IF (NOD(IP1,J,K).EQ.0) GOTO 902 00305400
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AEEz0.0 00305500
AEER=0 .0 00305600

00305700
902 CONTINUE 00305800

IF (NODIJM1*K).EQ.0) GOTO 903 00305900
ASS=0.0 00306000
ASSR=0 .0 00306100

00306b200
903 CONITINUE 00306300

IF (N00fIjJPlpKL.EQ.0) GOTO 904 00306400
ANN=0.0 00306500
ANNR=0.0 00306600

0030i)700
904 CONTINUE 00306800

IF (NOD(IPJKMZ).EQ.0) GOTO 905 00306900
ABB=0.0 00307000
A8BR=0.0 00307100

00307200
905 CONTINUE 003,07300

IF lKN0D(IJKPl).EQ.0) GOTO 906 00307400
AFF=0 .0 00307500
AFFR=0 .0 00307600

906 CON4TINUE 00307700
00307800

C 00307900
C *" 00308000

00308100
00308200

C ** SU. FROM NORMAL STRESS 00308300
00308400

RF=iSIG33(,JjK )-tH(I,J,KPli-N(I,J,K fl4VISF/OZF)*OxCYF 00308500
RB=(SIG33(I,J,KM1 i-(WI,J,K )-N'dI,J,KPII UNVISB/OZB)*DXyB 00308600
RN=tSIGZ3(I,JPlK)-IH(I,JP1,K)-HII,j ,KI )*VISt4/0YNi*DZXN 00308700
RS=(SIG23(I,J ,IKi-(W(I,J ,Kl-W(I,JMl,K, l*VISS/OYS )*DZy. 00308800
RE=SI23(IP .,J,KJ-IW(IP1,J,K)-WI ,J,K))*VISE/DXE)*DYZE 00308900
RW=(SIG13(I J,-tJ,K)K)-(HIIJI~ IVS/X')*oyzw 00309000

00300100
C SU FROM1 CURVED STRESSES AND ACCELERATIONS 00309200

00309300
AVC23=0.5*tSIG23tl,JPlKI+SIGZ3(1,J,K)) 00309400
AVG13=0.-5*1SIG13I1p1,J,K)+,IG1311,J,XJJ 00309500
AVG22=SILltJ!SIG21,JKJ,SIGZZ(I,J,KMI),DZF,0ZB) 0030%bo0
AVG11=SILINcSIGl1(I,J,K),SIG11eIJ,KM1),oZF,oZB) 00309700

00309800
AU3=NrI,J,K 3 00309900
AU2=BILIN(V(I,JP1,K )*VlUJK )9OYJ,OYJ, 00310000

& Vc+,JP1,K!11),V(I*JKM1),0YJ,0YJ, OZF,OZB) 00310100
AU1=BILIN(UIIP1,J,K J,U(IPJ,K ),DXI,0XI, 00310200

& U(IP1,JKM1),UIJKM1),DXI,DXI, DZF,OZB) 00310300
003 104.00

AR=SILIN(R(I,J,K),R(I,JKMI),DZF,0ZB) 003,10500
00310600

ARU23=AR*AU2*AU3 00310700
ARU13AREAul*AU3 00310800
ARU22=AR*AU2*AU2 00310900
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ARU11=AR*AUI*AUI 00311000
00311100RRY= AVG23-ARU23 i*DXI* DZN-OZSrJ 00311200

RRX=(AVG13-ARU13 I*DYJ*I DZE-DZHI 00311300
RRZ=IAVG22-ARUz22)*DXI*I DYF-DYB I* 00311400
& (AVG11-ARUII)*DYJ*L OXF-DXB) 003211500

00311b00
00311700AP(I,J,K):AEII,JK),AH(IJKJANI,J,K)AS(IJK) 00311800& *AF(I,J,KJAB(I,J,K IGAEE4AI4+ANN.ASSAFF4ABB 00311900

SPII,J,K Im-IR0D(IJK )*DZB+ROO(I,J,KM1 )*DZF J/LDZB.OZF I*VOLDT 00312000
SUtIJKP- IROD(IIJK)*DZB*RODIIJPKMI)*DZF)/goDZBDF)*V0LDT 00312100

a 4WOD(I,J,K) 00312200
SU(I,J,K)2SU(I,JPKI.0XI*DYJ*(PIIJ,KM1I.P(IJK)) 00312300& 4AEER+ANWR*AtMR+ASSRAFFR4ABBR 00312400
& *RE-RH+RN-RS+RF-.RRRY+RRX.RRZ 00312500
a -4 UOY*((IRI,J,K)-REQ(IJ,KC,)DZB*COS(ZC(K),rR~IJp 00312600
& Kill )-REQ( I,J,KM1) )*DZP4*COS(ZC(KMI) ) )/I DZB+DZF J*VOL*SINIXC( I)) 00312700

100 CONTINUE 00312800
00312900C ** TAKE CARE OF B.C. THRU AN,AS,AE,A',AP AND SU 00313000c 
00313100C ** RADIUS DIRECTION 00313200
00313300DO 500 K=I,NK 00313400

00 500 I=Z,NI 00313500
KM1l=K-1 

00313600cc SP(I,Z,K )=SP(I,Z,K)+ASII,2,K) 00313700SPII,ZPK)=SPtI,Z,KI-AS(I,Z,K) 
00313800

SU(I,Z,K)=SU(I,2,KIZ.O*W(I,1,K )*AS(I,2,K) 00313900
SPuI,NJ,KI=SP(I,NJK)-AN(IINJK) 00314000
AS(I),2,K )0. 00314100
AN(I ,NJ,K J=0. 00314200

500 CONTINUE 00314300
003 14400C *** CYLIC CONDITIONS 003,14500
00314600DO 502 K=3,NK 00314700

DO 502 J=2,Nj 00314800
SU(2 ,KI=SU(2 ,J,KI+AK(Z ,J,KI*W(1 ,J,KI 00314900
SUII,J,KSUNI,J,K)+AEI4I,J,K)*KtNIP1,J,K) 

00315000
AW, J )=. 00315100AFINI,J,K)=o.0 00-115200

502 CONTINUE 
003 15300
00315400C ** FRONT AND BACK WALL DOZ15500

DO 600 1=2,NI 00315bo0DO 600 J=2,NJ 00315700
SPIIJ,)=SP(I,JN4K).AF(IIJ,W) 00315800
SPfI,J,3 )=SP(I,J)3 )4AB(IJ,3 )00315900
AF(IJN4 )o. 00316000ABI I,J,3 )=0. 00316100

600 CONTINUE 
00316200
00316300
00316400
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IF iNCHIP.EQ.O) GOTO 105 00316S00
00316600

C .wspnn~ns~nnsm sssa 00316700
CItt# S# tSt# II tIIflt 00316800
C * MODIFICATION FOR DECK BOUNDARIES 00316900

00317000
DO 101 N:1,NCHIP 00317100
18=ICHPB( N) 00317200
IE:IB+NCHPI(N)-1 00317300
IBM1=IB-l 00317400
IEP2=IE .1 00317500
JB:JCHPB( N) 00317600
JEzJB+NCHPJ(N)-l 00317700
JBM1ZJB-1 00317800
JEPI=JE,1 00317900
KB=KCHPB( NJ 00318000
KErKB+NCHPK(N)-1 00318100
KBM1=KB-l 00318200
KEP1xKE.1 00318300

00318400
00316493

DO 102 J JBPJE-1 00318500
DO 102 K=KB.KE 00318600
SP(IBN1,J,KJ=SPtIBtMlJK)-AE(1BMlJK) 00318700
SU(IBM1,JK ISUIIBM1,JKJAE(IBM'1,JKI*HFAN(NI*2.0 00318710
AEIIBM1,J,K)=0.0 00318800

00318900
00319000

SP(IE,J,K )=SP(IE,J,K I-AN(IE,J,KJ 00319100
SUIIE,J,K)zSU(IEJK),A~tIE,J,K)*NFAN4(N)*2.0 00319110
A).4IE,J,K):0.0 00319200

00319300
102 CONTINUE 00314400

003 10500
DO 103 1=15,IE-1 00319b00
D0 103 K=KB,KE 00314700
SP(I,JBt'fl,K):SP(I,JBM1,K t-ANfI,JBM1,KI 00319800
SUJI,JBH1l,K I=SU(I,JB11,K)ANIIl,JBM1,KJ*HFANIN)*2.0 00319810
Af4(I,jBMl,K J:0.0 00319900

00320000
SPI I,JE ,K =SP( I,JEK )-AS( I,JE ,K) 00320100
SU(I,JEKISUII,JE,K)A(I,JE,K*FANIN)*2.0 00320110
ASI I,JE.K J:0.0 00320200

103 CO.NTIlJUE 00320300
003 204.00

DO 106 I=IB,IE-1 00320500
DO 10b J=JE.,.JE-1 00320800
SU(I,J,K8111 IZSU(I,JKBM1 )*AFII,J,KBM1 J*NFANIN) 00320610
SUtI,J,rEP1 I:SUII,J,KEP1)4AB(I,J,KEP1J*HFANIN) 00320820
AFII,J.KBM1)0O.0 003,'0700
AB(I ,JKEPIXJO.0 00320800

106 CONTINUE 00320900
00321000

C *wFOR THE CELLS INSIDE OF THE DECKS 00321100
00321200
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2*

DO 104 I=IB,IE-1 00321300
DO 104 J=JB,JE-1 00321400
00 104 K=KB,KE 00S21500
SPII,J,K =-I.0E2 00321600
tW(I,J,K):0. 00321700
AEtI,J,KI=0. 00321800
AS(I,J,KI=0. 00321900
AN( I,J,K )=. 00322000
ABtI,J,Ki = 0.
AF(IJ,K) = 0.
SU(I,J,KI=1.OEZ HFANIN) 00322100

104 CONTINUE 00322200
101 CONTINUE 00322300
105 CONTINUE 00322400

00322500
C ti1tttt#llrtfltlutt~ttltstuitt1rilt 00322600
C ftittn#f l# t##t;;itvtitit 00322700

00322800
00322900

C *,* ASSEMBLE COEFFICiENTS AND SOLVE DIFFERENCE EQUATIONS 00323000
00323100
00323200

DO 301 K=3,W 00323300
DO 301 J=Z,NJ 00323400
DO 301 I=2,Nl 00323500
DXI=XLIIJ,K,3,0) 00323600
DYJ=YL(,IJ,K,3,0) 00323700
DXY=DXI*DYJ 00323800
APCIJ*K)=AP! ,J,K )-SPI I,JK) 00323900
DN(I,J,K J=DXY/AP(IJK) 00324000

301 CONTINUE 00324100
00324200
00324300

C * SOLVE FOR H 00324400
G0324500

CALL TRIO 12,2,3,NINJNK,N) 00324600
00324700

C 00324800
00 76 I:1,NI 00324900
00 76 Jzl,NJ 00325000
HWI,J,zwt=WI,J,3) 00325100
H(IJ,NKP1)=H(I,J,NK) 00325200

76 CONTINUE 00325300
00325400
00325500

IF INCHIP.EQ.0) GOTO 112 00325600
C t 00325700
C w;IcI;gs##3t,#f~lf#tu~~#, 00325800
C *** RESET THE VELOCITY INSIDE OF THE DECKS 00325900

00326000
00 110 N=1,NCHIP 00326100
IB=ICHPBIN) 00326200
IE=IB+NCHPI(N)-1 00326300
JB=JCHPBINI 00326400
JE=JB+NCHPJ(N)-1 00326500
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KB=KCHPBI N) 0032b600
KE=KB*NChPK() -l 00326700

0032fa791
DO 108 IrnIBIE-1 00326800
DO 108 JMJB,JE-1 00326900
D0 103 K=KB,KE 00327000
H(I#J,K)2HFAN(N) 00327100

208 CONTINUE 00327200
110 CONTINUE 00327300
112 CONTINUE 00327400

0032 7500
RETURN 00327600
END 00327700

00327800
00327900

C------------------------------------------------------------------ 00328000
C ** H H IH * H H.~..H I4* W *00328100

SUBROUTINE CALP 00328200
C ------ i*4**HHHI--------- --------- ------------- 0380

COMMON/R4/XCt93),YC(3),ZC(93)XS(93),YS(93)ZS(93) 00328400
S 0)0C(93),DYYC(93),DZZC(93),DX0(S(93jDYYS(93J,0ZZS(93) 00328500

C0~lt0/BL1/DX,DY,DZV0L,DTIiE VOLOTTHOTTCOOL,)PIQQR 00328600
COti0,'VBL7/NI ,NIPI ,NIMI ,NJ ,tJJPI ,NJI11W PN NKP1 ,NKI1 00328700

& ,NIP2,%NJP2vN.KPZ *NA,NAPl ,NAtil vNB,NOP I NBH1,KRUNNCHIPtNJRA PNRP 00328S00
COtIION/BL12/ NNRITE ,NTAPE ,NTM-AXO ,NTREAL ,TIIIE SORSUM ,ITER 00328900
C011MON/BL16/ CONST1,CONIST2,CONST3,CONST4,CON4STb,NT,UO,H,UIGRT,BUOY,00329000
& CPO,PRTCONDO,VISO,RHOO,HR,TR,TA,OTEMP,ThRITE ,TTAPE ,TtAX,GC,RAIR00329100
COMtlON/BL2Z/ICHPBt 10),N'CHPI) 10),JCNPB( 10),NCHPJII10),rCHPB(I ), 00329200
& N4CHPKI1O)TCHP(IO),CPS(1O),CONSI1O)NFANI 10) 00329300
COM.4ON/BL31/ T00L22,lb,32),ROO(ZZ,16,32)PO)122,16,32) 00329400

& ,COD(2Z,l6,32),UOD(22,16,32),VOD(22,l6,32)pNOD(2Zp16p32) 00329500
COfiON/BL32/ T12216,32),R122,16,32JP122,16,32) 00329600
a ,C122,16,32biU(22,16,32),VE22,16,32.bHg22,16,32) 00329700
COMMION/BL33/ TPD022,16,32),RPD122,16,32),PPD(22,16,32) 00329800
& ,CPD(22,,lo,32),UPD(22,16,3'),VPD(^,2,16,32),WPD(',',16,3ZI 00129900
COttiOt/BL34/ HEIGHTI22,16,32)tREQ('22,16,32), 00330000
& SMP(22,16,32),SMPP(22,16,32),PP(22,16,32), 00330100
a DUI22,16,32),DV(22,16,32),0N122,16,32) 00330200
COMMtLBL36/AP(22,16,32),AE(Z2,16,3:),AWt22,16,32),ANC2.^Z,16,32), 00130303
a AS) 22,16,32 ),AFt 22,1b,3Z ),ABI 22,lb,.3Z), 00330400
& SP(I22,16,3Z),SU)2Z,lb,3ZI,RIIZ2,16,3ZI 00330500
COtllON4/BL37/ VIS(22,lo,32I,C0ND(22',16,32),N00t2,16,32IRHALL(579)003130600
a ,CPMI22,16,32 ),HSZ13,2),NHSZf22p16,32)#DRESORI1193). 00330700

00330800
C ** CALCULATE COEFFICIE14TS 00!30900

00331000
00 100 K2,WO 00331100
KP2=K.2 00331200
KP1=K+l C033300
KM1 :K-1 00331400
KVi2=K-2 00331500
D0 100 J=ZNJ 00331600
JPZ=J.2 00331700
JP 1 J .1 00331800
Jt11 J-1 00331900
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JM2=J-2 00332000

IPZ:I+Z 00332200
IPl=I+l 00332300
IMI:I-1 00332400
IM,=I-Z 00332500
IF tI.EQ.NI) 1P1=2 00332600

00332700
00332800

C CENTRAL LENGTH OF THE SCALE CONTROL VOLUME 00332900
00333000

DXPI=XL(IPI,J,KOO) 00333100
DXI =XL(I ,J,K,0,O) 00333200
DXM1=XL(IM1,JK,O) 00333300

00333400
DYPI=YL(I,JP1,K,0,0) 00333500
DYJ =YLII,J ,K,0,0) 00333600
OYM1=YLII,JM1,K,0,0) 00333700

00333800
DZPl=ZL(IJ,KP1,O,0) 00333900
DZK =ZLIIPJK sO,0) 00334000
DZMI=ZL(I,J,KM1,0,0) 00334100

00334200
C * SURFACE LENGTH OF THE CONTROL VOLUME 00334300

00334400
DXNXL(IPJP1,K,0,2) 00334500
DXS=XLIIPJ ,K,0,2) 00334600
OXF=XL(I,J ,KP1,0,3) 00334700
DXB=XLII,JK .0,31 00334800

00334900
DYF=YLII,J,KP1,O,3) 00335000
DYB=YLhI,JK ,0,3) 00335100
DYE=YL(IP1,JK,0,1) 00335200
DYH=YL(I ,J,K,0,1) 00335300

00335400
DZE=ZL(IP1,J,K,0,1) 00335500
DZ14=ZL(I ,J,K,0.11 00335600
DZN=ZL(I,JP1,K,0,2) 00335700
DZS=ZL(IJ ,K,0,2) 00335800

00335900
00336000

C * DEFINE AREA OF THE CONTROL VOLUME 00336100
00336200

DXYF=DXF*DYF 0033o300
DXYB=DXB*DYB 00336400
DYZE=DYE*DZE 00336500
DYZW:DYH*DZH 00336600
DZXN=DZN*DXf 00336700
DZXS=DZS*DXS 00336800

00336900
VOL=DXI*DYJ*DZK 00337000
VOLDT=VOL/DTIME 00337100

00337200
RN=IR(IJ,K)} YPIR(IJPlK)*DYJI,(DYPIDYJ) 00337300
RS=R(I ,JK)DYMR(IIJM1,Kj*DYJ)/IDYM1+DYJ) 00337400
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RE:IR(IJK1*DXP1,RIIPl,J,KI*DXI I/f DXP1.DXI) 00337500
RH=I RI I ,J,K I*0XM1.R( IMI,J ,K I*DXI )/EDXtI1.DXI) 00337600
RF:IR(IJKI*0ZP1,R(IJ,KPIIDZK)/DZP14DZK) 00337700
RBZtRiIJK*0Z1,R(I,J,KM)DZK)/(DZ1,DZK) 00337800

00337900
C ** DU ON VERTICAL HALLS AND DV ON HORIZENTAL HALLS ARE ZERO 00338000

00338100
AN(I.J,K I=RN*DZX(N*DV(I,JPI,K) 00338200
ASI I,J,K )=RS*DZXS*DVI I,J,K) 00338300
AEC I ,JK IRE*DYZE*DUi IP1 ,J K) 00338400
AH(I.J,KI2RN*DYZN*DU(IpJK J 00338500
AF(I ,J,K J:RF*DXYF*D0NI IJ,KPl) 00338600
AB(I,J,.K jRB*DXYB*DN IJ,K) 00338700

00338600
CNzRN*VE I,JP1 ,K I*DZX 00338900
CS=RS*VtlI J ,K )*ZXS 00339000
CE 4E*UI IPi ,J K IftYZE 00339100
CW4RH*U( I PJK J*DYZH 00339200
CF=RF*HI I,J.KP1 3*DXYF 00339300
CB=RB*HI I,J,K )*DXYB 00339400

00339500
SH(,,)-RIJK-O(,P)*O/TM-EC-NC-FC 00339600

C SMP(I,J,K b:-CE+CN-CN.CS-CF+CB 00339700
SU(I,J,K I:SMP(I,J,K) 00339800
SP(IJ,K)=0. 00339900

100 CONTINUE 00340000
00340100

C * TAKE CARE OF B.C. THRU ANPAS,AE,AHAF,.AB,SP AND SU 00340200
C 00340300
C RADIUS DIRECTION 0034.0400

00340500
D0 500 Kz2,W8 00340600
DO 500 I=Z,NI 00340700
AS(I ,Z,KP=0. 00340800
AN(I,NJ,KJ=O. 003.0900

500 CONTINUE 00341000
00341100

C * LEFT HALL AND RIGHT HALL 00341200
00341300

D0 501 K=2,NK 00341400
DO S01 J:Z,NJ 00341500

C AN12,J,KI=0. 003'ilbO0
C AE~t4IJKI:0. 00341700

501 CONTINUE 00341800
00341Q00

C ** FRONT AND BACK HALL 0034.2000
00342100

DO 502 I=2,NI 00342200
DO 502 J=2,NJ 00342300
ABII,J,2)=0.0 00342400
AF(I,JNK)0O.0 00342500

502 CONTINUE 00342600
00342700
0034Z800
00342900
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00343000

IF INCHIP.EQ.0J GOTO 105 00343100
00343200

C g NCHZ.G.O) gOTO 10mn00343300
C 1;,; #,#3,,8I;##ttffftt# I t t m"00343400

C M** ODIFICATION FOR DECK BOUNDARIES 00343500
00343600

DO 101 N=I,NCHIP 00343700

IB=ICHPBIN) 00343800

IE:IB.NCHPI N )-1 00343900

IBt I=B_- 00344000

IEPI=IE.1 00344100

JB=JCHPBIN) 00344200

JE=JB+tCHPJ(N)-1 00344300

JBI=JB-1 00344400

JEPI=JE+I 00344500

KB=KCHPB(N) 00344600

KE=KB+NCHPK(N)-1 00344700

KBM1=KB-1 00344800

KEPI=KE . 00344900
00345000

DO 102 J=JB,JE-1 00345100

DO 102 K=KB,KE-1 00345200

AE(IP.tl,JK)=.O 00345300

ANIIEJ,K)=D.O 00345400
00345500

102 CONTINUE 00345600
00345700

DO 103 I=IB,IE-1 00345S00

DO 103 K=KB,KE-1 00345900

AN IJBM1,K)=O.O 00346000

AS(I,JEKJ=0.0 00346100

103 CONTINUE 00346200
00346300

DO 106 I=IB,IE-1 00346400

DO 106 J:JS,JE-1 00346500

AF(I,J,KBMII=O.0 00346600

AB(I,J,KE)=O.O 00346700

106 CONTINUE 00346800
00346900

C *4* FOR THE CELLS INSIDE OF THE DECKS 00347000
00347100

00 104 I=1B,IE-I 00347200

DO 104 J=JB,JE-1 00347300

DO 104 K=KB,KE-1 00347400

SPII,J,K I=-.OEZO 00347500

Akt I ,J,K I=0. 00347600

AEI I,J,K )=0. 00347700

AS(I,J,K=O. 00347800

All ,J,K 1=0. 00347900

SUII,J,K)=O. 00348000

104 CONTINUE 00348100

101 CONTINUE 00348200

105 CONTINUE 00348300
00348400
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C 00348500
C l00348600

C 00348700
00348800

00348900
00349000C ** ASSEMBLE COEFFICIENTS AND SOLVE DIFFERENCE EQUATIONS 00349100

00349200DO 300 J:2,NJ 
00349300

00 300 I=2,NI 
00349400

00 300 Kz2,NK 
00349500

APhIJ,K)=ANII,J,K)*AS(IJK)AEIIJK)eAII.J,K)-SP(IJK) 
00349600

a *AFII,J,K)+AB(I,J,K) 
00349700

300 CONTINUE 
00349800

00349900C * SOLUTION OF FINITE DIFFERENCE EQUATION 00350000

00350100CALL TRIO (2,2,Z,NINJ, ,pp) 00350200

00350300C * THIS IS FOR CKECKING 00350400

00350500
00350600

DO 161 I1,NIP1 00350700
C WRITE (6,*) 1 00350800
949 FORMAT - A ) 00350900

C WRITE 16,949) 00351000
C WRITE (6)99) ((AN(IJK),K=1,Nypl),JINjp1, 00351100
161 CONTINUE 

00351200
DO 160 I~l,NIP1 

00351300
C WRITE 16,*) I 00351400
946 FORIAT ( ' AE ) 00351500

C WRITE (6,948) 
00351600C WRITE 16,999) IIAEII,JK,K1,tiNKPlpJ=,Njp1j 00351700

160 CONTINUE 
00351800

00 170 I=INIp1 
00351900

C WRITE (b,*) I 00352000958 FORMAT ( - AB ) 00352100
C WRITE (6,9581 

00352200
C NRITE (6,999) I(AB(IJKJ,K=lpP),J=l,NJpl) 00352300
170 CONTINUE 

00352400
DO 180 I=1,NIPl 00352500

C WRITE (6,*) I 00352600
968 FORMAT ( - AF *) 00352700

C WRITE (6,9t8) 
00352800C WRITE (o,999) ((AF(I,J,KIK=INWPlJJ=1,NJPlJ 03352900

180 CONTINUE 
00353000

C WRITE (6,999) ((SU(I,5,K),K=,lNKP1),I=1,NIP1) 00353100
DO 190 I:1,NIP1 

00353200C WRITE (6,*) I 00353300
978 FORMAT I S SU ) 00353400

C WRITE (6,978) 
00353500

C WRITE 16,999) ((SU(IJK),K1,F P1),J=INjp1) 00353600
190 CONTINUE 

00353700
00 191 1=I,NIPI 00353800

C WRITE (6,*) I 00353900
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C WRITE 16,988) 0035000
988 FORMAT ' PP ) 00354100

C WRITE (6,999) 1PP(I,JK)pJ=1vNJPl),K=7,7) 00354200

191 CONTINUE 00354300

999 FORMAT (1E10.3; 00354300
00354500
00354600
00354700

C 4i* CORRECT VELOCITIES AND PRESSURE 00354800C 003S4900

C * CORRECTION FOR VELOCITY U 00355000
00355100

DO 600 1:2,NI 00355200
IMI=I-1 00355300

IF (I.EQ.2) 1Ml=NI 00355400

DO 600 J=Z,NJ 00355500

DO 600 K=2,NK 00355600

U(IJK)=U(IJ,K)+DU(I,J,K)*IPP(IM1,J,K)-pptIJ,K) 00355700

600 CONTINUE 00355800
00355900

C * CORRECTION FOR VELOCITY V 00356000
00356100

DO 603 J=3,NJ 00356200

JM=J-1 00356300

DO 603 K=2,NK 00356400

00 603 I=Z,NI 
00356500

VII,J,K)=V(IJK)4DV(IJK)(PP(IJH1,K)-pp(IJK)J 00356600

603 CONTINUE 00356700
00356800

C *** CORRECTION OF VELOCITY H 00356900
00357000

DO 604 K=3,FW 00357100

KM1=K-1 00357100

DO 604 I=2,NI 00357300

DO 604 J=2,NJ 0035700

HtIJ,K,=H(I,JK)DH(IJ,K)(IPP(IJKM1)-PP(IJK)) 00357500
604 CONTINUE 00357600

0035770000357800

C ** CORRECTION FOR PRESSURE P 00357900
00358000

00 606 J=2,NJ 00358100

DO 606 I=I,NIPI 00353200

DO 606 K=I,NK 0035300
P(I,J,K)=P(I,J,K)+PP(IJ,K) 00358400

PP(I,J,K)=O. 00358500

606 CONTINUE 00358600
00358700

C N,* THIS IS FOR R:0.O CASE 00358800

00358900
DO 75 I:,NIP1 00359000

DO 75 KI,NKP1 00359100
C UIt,1,K)=UII,z,K) 00359200

C HiI,1,Kl=HI1,2,K) 00359300

C V(I,ZK)=V(I,3,K) 00359400
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75 CONTINUE 00359500
00359600
00359700

C M46* MODIFICATION FOR R;0.O 00359800

C 00359900
DO 55 K=Z,WK 00360000

VY=O.O 00360100
VX=O.0 00360200

VZ=0.0 00360300

DO 50 I:2,NI 00360400
VY=VY.UI I,2,K *COS!XS(I)) 00360500

VX=VX-U(,2vK )*SIN([XS( )) 00360600
50 CONTINUE 00360700

00360800
DO 51 I:2,NI 00360900

VY=VY.VtI,3,K)*SINtXCII)) 00361000
VX=VX+V 1,3 ,K )*COSI XCt I)) 00361100

VZ=VZ+H( I,2,K) 00361200
51 CONTINUE 00361300

00361400
00361500

C ** FIND THE VELOCITIES AT R:O.0 00361600

00361700

DO 52 I:1,NIPl 00361800
U(I,1,K)=t-VX*SIN(XS(I ))+VY*COSIXSI)))/NIM1 00361900
V(I,2,K)= !VX*COS(XC(I))+VY*SIN(XCII)))/NIM1 00362000

HI f,1,K )=VZ/NIM1 00362100
52 CO4TINUE 00362200
55 CONTINUE 00362300

00362400
00362500
00362600

C * THIS IS FOR THE CYLINDER ON4LY (CYLIC CONDITION) 00362700
00362800

DO 76 J=,NJP1 00362900

DO 76 K=1,NKP1 00363)00
U! 1,J,K )=U(N ,J,K) 00363100
U(NIP1,J,K )=U( 2,J,K) 00363200

V(1,J,K =V(NI,JK) 00363300
V(NIP1,J,K IVI Z,J,K) 00363400
Ht 1,J,K I=Hf tI,J,K) 00363500
NINIPl,J,K )=HI 2,J,K) 00363600

76 CONTINUE 00363700
00363800

C *** THIS FOR SPHERE ONLY 00363q00

00364000
DO 77 I=1,NIP1 00364100

DO 77 J:i,NJP1 00364200
U(I,J,1 )=U(I,J,2) 00364300
V( I,J,1 )=V I,J,2) 00364400
H (I,J,Z)=H(I,J,3) 00364S00
UtI ,J,NKP1):U(I, JD() 00364600
V(I,J,t4?P1 )=V(I,J,tK() 00364700

Wt I,J,WtP1)=H(I,J,NK) 00364800

77 CONTINUE 00364900

187



00365000
00365100

IF ICHIP.EQ.0) GOTO 116 003b5eu0
C It N' .HZP.y .O GTO 116 00365300
C ## tlsl##m####;tettttttet#tt;t;;;el 00365400
C **- RESET THE VELOCITY INSIDE OF DECK 00365500

00365600
DO 120 N=,NCHIP 00365700
IB=ICHPBIN) 00365800
1E=zI+.NHPZIN)-l 00365900
JB=JCHPBIN) 00366000
JE=JBNCHPJ(N)-i 00366100
KB=KCHPBIN) 00366200
KE=KB+NCHPKIN)- 00366300

00366310
00366392
00366394

00 109 I=IB,IE 00366400
DO 109 J=JB,JE-1 00366500
DO 109 K=KB,KE-1 00366600
U(I,J,K)0.0 00366700

109 CONTINUE 00366800

00366900
DO 118 I=IB,IE-1 00367000
DO 118 J=JBJE 00367100
DO 118 K=KB,KE-1 00367200
V(I,J,K)=O.O 00367300

118 CONTINUE 00367400
00367500

DO 119 IZ=IB,IE-1 00367600
DO 119 J=JB,JE-1 00367700
DO 119 K=KBKE 00367800
WII,J,K)=HFANINJ 00367900

119 CONTINUE 00368000
120 CONTINUE 003o8100
116 CO.,TINUE 00368200

C WV#V4t ##;3u3#ttll tt tttt#flhtlllmllltllwtllI00368300
C ;;;#;# ;,,;ttww;,# gasnw,.ss00368400

00368500
C * RECALCULATE THE ERROR SOURCE AFTER CORRECTIONS OF U, V, P 00368600

00368700
SORSUM=0. 00368500
RESORM(ITER)=0. 00368q00
DO 700 J=Z,NJ 00369000
JP1=J+l 00360100
JHl=J-1 0036Q200
DO 700 IZ,NI 0036q300
IPl=I+l 00369400
K1:=I-1 003b9500
00 700 K=ZPN 00369600
KPi=Kl 00369700
KMI=K-1 00369800

00369900
00370000

C CENTRAL LENGTH OF THE SCALAR CONTROL VOLUMIE 00370100
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00370200
DXPI=XLt IP1,J,K,0,01 00370300
DXI xXI.tI ,JIK,0,oi 005 70400
DXMI=XL( flh,J,K,0,0) 00370500

003 70bOO
DYPI1YL( I,JP1,K,0,0) 00370700
DYJ =YLIJ ,K,0,0) 00370800
DYNIzYL(I,J,K,0,0) 00370900

00171000
DZP1=ZL(I,J,KP1,0,0) 00371100
DZK :ZL(IJK 0,0) 00371200
DZMI=ZL( I,J,KJ11,0,0) 00371300

00371400
00371500

C N* SURFACE LENGTH OF THE CONTROL VOLUMIE 00371600
00371700

DXN=XL(I,JP1,K,0,2) 00371800
DXS=XL(I,J ,K,0,2) 00371900
DXF=XLI IJKPI,0,3) 00372000
DX8:=XL(I,J,K ,0,3) 00372100

00372200
OYF:yL( IJ,KP1,0,3 i 003 72300
DYB=YLII,JK P0,3) 00372400
DYE=YLt 1P1,J,K,0,1) 00372500
DYH=YL(I ,J,Kp,0tl) 00372b00

00372700
DZE=ZLW IP1,J,K,O,1) 00372800
OZi4:ZLEI ,J,K,0,1) 00372900
DZJJ2ZLt I JP1,K,OP2) 00373000
CZS=ZL(1,J ,KPO,2) 00373100

00373200
00373300

C DEFINE AREA OF THE CONTROL VOLUMIE 00373400
00373500

DXYF=DXF*DYF 00373600
DXYB=DYB*DYB 00373700
OfZE =0YE*DZE 00373800
DYZN=DYH4*DZW 00373900
0ZXN=DZN*DXN 00374000
DZXS=DZS*DXS 00374100

0074200
VOL =0/IODYJ*DZK 00374300
VOLDT=VOL/DTIME 00374400

00374500
00374600
00! 74700

Rtl=(R(IJK )*0YP1.RUI,JP1,K I*0YJI/(DYP1,DYJI 00374800
RS=(R(I,J,K )*0YMI4RLIJM1,PK)*DYJ)/(0YM140YJ) 00374900
RE=IRUI,JK *DXPI+RtIPIPJ,K )*DXI )/IDXP1.DXI) 00375000

RWIR I PJ ,K IDXI14R( IMI ,JK INXI )/g OX11NXI ) 00375100
RF=(R(I,J,K)*DZP1+R(I,J,KP1I*OZK)/IDZPIOZKJ 00375200
RB=(R(IJvKJN0ZM+R(IJ,K1II*0ZKI/(Z1,0ZKI 00375300

0037S400
CN=RN*VII,JP1,K i*DX 00375500
CS=RS*V(I I,J *K j*0ZS 00375600
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EQrATUON I TP I I'L COMPAR TO SOURC 00376500
CN2RWU(I JK)DYZW00375600

CF2RFtR1(SRSUM.SP( I ,J , 00376700
CB=RBWII,,K )DXYB0037600

C ** M RESOJK IS Slil OF THE ABUEVLEO *PIJK 00376100

00377300
RESORM I ATUA )~OMAS INECEASE ORP DERESEFRMONINIT 00377100

70 CON TUNoTI ILCOPR OSUC 00377200
RETURN00377300

ENDM=OSM+M(IJK 00376700
00377500

00377600

RETURN00377700

C mmmm00377800
SUBROUTINE TRIOE IST,JSTKSTISP,JSP,KSPPHI) 00377900

C momm******W *:*00378000

COttION/BL7A4I ,NIP1,NlMl,NJ PJP17NJ1 ,NK,NKPI,WIMl 00378100
& ,NIPZ,NJP2,WPZ,NAPNAPlPNAMI,NBPNBPlPNBMI,KRUN,N'NIPPNJRANNRP 00378200
COMt1Q/B536/APl22,16,3ZJAE(Z2,l6,32),AI4(ZZ,16,32),AN(22,16,32J, 00378300
a AS(2Z,16,.321,.AF122,16i,2JABIZ2216,32), 00378400
& SP(Z2,6,32JSU(22,16,32),RIEZZ,16,32J 00378500
DIMENSION A(99),B(99),C(99),PHIIZ2vl6,32) 00378600

00378700
C GOTO 405 00378800

ISTMI= IST-2 00378900
A(ISTl1 I10. 00379000
Cl ISTM1 )=O. 00379100
DO 100 J:JST,JSP 00379200
D0 100 K=KST,KSP 00379300
00 101 I:IST,ISP 00370400
Al! l=AEI,J,K) 00379500
St I )=AWl1,JK) 0037q600
C(I JANI,J,I*PHII,J,1,K )+ASI I,J,K )*PHIII,J-1,K) 00379700
& +AFI,J,K)*PHIIIJ,K+1,,ABIIJ,K)*PHIII,J,K-1,4SU(IIJ,K) 00379800

IF (ABS(A(I I.LE.1.OE-70) All 1:0.0 00380001
IF IA33SIZ LE-.1.OE-70) 8111:0.0 00380002
IF (ASS(C(I l.LE.1.OE-70) C(I.=.0 00380003
IF (ABS TERM). LE.1.OE-70) TERI:0 .0 00380010
All )=A(I I TERM 00380020
CliI:=IC(IIJB(I)*ClI-1))*TERM 00380100

101 CONTINlUE 00380500
PHIl ISPJK ):CI ISP) 00380600
XSTA=IST.1 00380700
DO 102 II=ISTAPISP 00380800
I =IST+ISP-II 00380900
Ip1=I.1 00381000

190



pHIfI,J,KJ:A(I )*PHI(IPI,J.K),C(Z 1 00381100
102 CONTINUJE 00381200
100 COTINUJE 00381300

00381400
DO 2000 JxJST,JSP 00381500
DO 2000 K=KST,KSP 00381600
PHI(ISr-1,J,Kj:PHI(ISP,J,K I 00381700
P1411ISP.1,JoK I:PHI( IST,J*K) 00381800

2000 CONTINUJE 00381900
00382000
00382100

JSTNI :J'T-1 00382200
A, J.SM: I= 0. 00382300
CIJSTNI IsO. 00382400
D0 200 K=KST,KSP 00382500
CC 200 I=XST,ZSP 00382600
00 201 JzJST,JSP 00382700
A(J)=AN(I,J,K) 00382800
BIJJ:ASII,J.K) 00382900
CIJj:AE(IJ.KI*PHI(II,1JK,+AN(IJKl*PHI(r-lJ,KI 00383000
a *AFUiJ,K)PHI(IJK1AB(IJ,K)EPI(IJ,K-1iSU(I,JK) 00383100
TERM:1l./I API I,J,K 1-81J I*AIJ-1 II 00383200
IF (ABS(A(J) 3.LE.1.OE-70) AIJ)I-0.0 00385210
IF (ASBIJI ).LE.1.OE-70) B(J)=0.0 00383220
IF IABSICkJ i).LE.1.OE-70) C(J)=0.0 00383230
IF (ABSITERM).LE.1.OE-70) TERI :0.0 00383240
A J I=AI J ITERMt 00383300
CI J )=CI J I*BI J *C(J-1) IITERI 00383400

201 CONTINUE 00383800
PHIII,jSP,K):C(JSP) 00383000
JSTA=JST.1 003r>4000
D0 202 JJ=JSTA,JSP 00384100
J:JSrJSP-JJ 00384200
jpI:j,1 00384300
PiIII,J*K J:AIJJ*PHI(I,JP1,K),C(JJ 00384400

202 CCJIMJE 00184500
2C0 CONTINUE 00384600

00384700
00 2001 J=JST,JSP 00384800
DO01,001 K=KST,KSP 00364900
PH$~Il IT-1,J,K j=PIIISP ,J,K I 003E5000
PHIl ISP.1,J,K I:PHII IST,J,K) 00385100

2001 CONTrINUE 00365200
00335300
00385400

KSTM1:KST-1 00385500
AlKST~i :0. 00385600
CIKOTM11:0. 00385700
DO 300 I=IST,ISP 00385800
D0 Z00 JZJSTJSP 00385900
D0 301 KzKST,KSP 00386000
AIK J:AF(I ,JK) 00386100.
B1K IzAB(I ,J,K 3 00386200

£ AN(IIJK)*PHIl1,J,1,K),AS(IJ*K)*PHI(IJ-1,KiSUII,J,KI 00386400
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TERM=1./fAPtI,J,K -lBKI*AlK-1)) 00386500IF IASSIAIK)).LE-1.oE-701 AIKI:0.O 00386510
IF (ABSICIKI I.LE.1.OE-70) CIK130.O 00386530IF IASICIKH.LE.1.OE-701 CIK 1:0.0 00386530IF i=A(KTERM.E10~0 EI:. 003860
C=(CK,BIK*C(K-1) J*TERM 00386700301 CONTINUE 

00387100PH41IIJKSP )aCIKSP) 
00387200KSTA=KST,1 
00387300DO 302 KK=KSTA,KSP 
00387400K=KSTKSP-KK 
00387S00KP1aK,1 
00387600PHIII,J,K)aA1K)*PHI(I,JKP1 J.C(K) 00387700302 CONTINUE 
00387800300 CONTINUE 
00387900
00388000DO 2002 JJST,JSP 
00388100D0 2002 K:KST,KSP 
00388200PHIl IST-1,J,K )=PHIlISP,J,K) 
00388300PHIl ISP+1,J,K ):PHI(ISTPJPK) 003884002002 CONTINUE 
00388500

00388600
00388700GOTO 700 
00388800
003889004.405 CONTIflUE 
00389000405 KSP1:KSP,1 
003891008IKSP1 10. 
00389200C(KSP1 1:0. 
0038930000 600 II=IST,ISP 
003894001:1IST 4XSP-1I 
00389500DO 600 JJtJST,JSP 
00389600J=JST+JSP-JJ 
00389700DO 601 KK=KSTpKSP 
00589800K=KSP*KST -KK 
00389900KP1=K+1 
00390000Al K IAFI I,J,K) 
0039010081 K l:AS( I JK) 
00390200

A PHI(I,J41,KJ.ASIIJY *PHI(IJ-1,K1+S,1II,J,KI 00390400TERH:1./IA;)(1,J,K)-A(KI*84K*lII 
00390500B1K l:BtK lTERM 
00390o7o

CIK I:(CIK I.A(K l*CIK,1 I ITEftM 00390700IF 1ASIA(K lp.LE.1.0E-70J AIK 1:0.0 00390800IF (ABSIBIK)).LE.1.0E-701 B1K :0.0 00390900IF (ABSIC(KIJ.LE.1.0E-70) CIK 1:0.0 00391000601 COIINUE 
00301100PHIl IJKSTJ2CIKST) 
00391200KSTPI=KST,1 
0039130000 602 Kxr.STPl,KSP 
00391400PHIII,J,K l:BlK1*PHIIlIJK-1,C(K) 
00391500602 CONTf&JUE 
00391600600 CONTINUE 
00391700
00391800
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00I 2003 J=IPS 00391900 I

DO 2003 J=KST,KSP 00391000

PHIlIST-1,J,K)=PHIIISPJ,K) 00392100
PHIL XSP*1,J,K)=PHI(IST,J,K) 00392200

2003 CONTINUJE 00392300
00392400
00392500

JsplzJSP.1 00392600
BI JSPi 3.0. 00392700
CUjSPi :0. 00392800
DO 500 KKKST,KSP 00392900
K=KST.KSP-KK 00303000
D0 500 ii:IST,ISP 00393100
IIST+ISP-11 00393200
DO 501 JJzJSTJSP 00393300
J:JSPJST-JJ 00393400
JP1cJ.1 00393500
AU 3=ANE I,JK) 00393600
BIJ3zASII,J,KJ 00393700
C(J)zAEII,J,K3*PHI(I41,JK).AWfI,J,K)*PHI(I-1,J,K3*AF(IJ,K)* 00393800
& PHI(I,J,K+11,AB(I,J,K*PHI(IJK-1+SU.JI,J,K) 00393900
TERM=1./(AP(I,J*K)-A(J3*B(J+133 00304000
BI J 3=5kJ *TERt1 00394100
CLJ)=(C(J34A(J3ECIJ+1) 3*TERM 00394200
IF (ABS(AlJ)).LE.1.QE-70J A(J):0.0 00394300
IF IABSIBIJ) ).LE.1.OE-70) B(J i0.0 00394400
IF IABS(CIJ3 ).LE.1.OE-70) C(J3=0.0 00394S00

501 CON4TINUE 00394600
PHIII,JST,K 3:CIJSTJ 00394700
JSTPI =JST.1 00394800
00 502 J=JSTP1,JSP 00394900
PHIIlJK) BJ)*PHIII,J-1,K),C(J) 00395000

502 CONTINUE 00395100
500 CONTINUE 00395200

00395300
DO 2004 JzJST,JSP 00395400
DO 2004 K=KST,KSP 00305500
PHIL 1ST-I ,J,K I:PHIU ISP,J,K 3 00395600
PVIl ISP+1,J,K P:PHI( IST,J,K 3 00395700

2004 CONTINUE 00305800
00395900
00396000

ISPI:ISP.1 00396100
StIi l:0. 00396200
Cli :11 I0. 003q6300
00*400 JJ:JST,JSP 00396400
J:-JSTJSP-JJ. 0039b500
00 400 VK=KST,,KSP 00396600
K :KST .KSP -KK 00396 700
00 401 11=1ST,ISP 00396800
I=ISP+IST-II 00396900
XP1I,1 00397000
Al LAE(l,J,K) 00397100
SI I 3AH(I ,J,K 3 00397200
CII)JANI,JK)*PHI(I.J1,K.AS(IJ.K)*PHII,J-1,K,AF(I.JKJw 00397300
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& PHI(I,J,KtlJAB(IJK)i.PHI(IJK-1),SU(IJK) 00397400
TERMs1./lAP(I,JK1-AcI ?*B(I#1j) 00397500
B I )=B( I *TERI 00397600
C(I I(CII),A(II*C(I+1fl*TERM 00397700
IF (ABSIA(I ))LE.1.OE-701 AII)=0.0 00397800
IF (ABS(B(I)l.LE.l.OE-70) BlI)=O:.0 00397900
IF (ABSC(I)).LE.1.0E-70) C(I 1:.0 00398000

401 CONTINUE 00398100
PHIl ISTJK J:C( ISTJ 00398200
ISTP1:IST+l 00398300
DO 402 I=ISTP1,ISP 00398400
PHI(IJ,.KJ:B(I )*PHI(I-IJPK).C(I) 0039B500

402 CONTINUE 00398600
400 CONTINUE 00398700

00398800
DO 2005 J:JST,JSP 00398900
DO 2005 K=KST,KSP 00399000
PHIl IST-1,J,K J:PHII ISP,J,K) 00399100
PHIl ISP+1,J.K i:PHII IST,JK) 00399200

2005 CONTINUE 00399300
00399400
00399500

700 CONTINUE 00399600
RETURN 00399700
END 00399800

00399900
C * * 4 H * * ... 00400000

BLOCK DATA 00400100
C 00400200

00400300
CMMlN/BL7/NI ,NIP1 ,NlM1 ,NJ PNJP1 ,NJt41 *NK ,P1P INKM1 00400400
& ,NIP2,NJPZ2tIP2,NANAPlNAM1 ,NB,NSP1,N8141,KRLRi4,NCHIPNJRA(4RP 00400500
COI"04/8L12/ N('RITE ,Nt-APE ,NTMAXO ,NTREAL ,TIME ,SORSLtIITER 00400600
COMONt/L14/HCOEF ,TItiF ,CNT)ABTURB,BTURB,VISL ,VISMAX,QCORRT,PMI,PM200400700
COfION/BLlb/ CON4STi ,CO.NST2 *C0NST3 ,COtJST4 ,COIJST6 ,NT,UO ,HU)GRT ,BUOY ,00400800
& CP0,PRT,C0N00,VIS0,RH00,HR,TR,TADTEMPT4RITE,TTAPE,TMlAX,G~,RAIRo040o9o0
DATA NIP2,NIP1,NI,NIMl/23.22,21,20/ 00401000
DATA NJP2,NJP1,NJvNJti/17*d6,15,14/ 00401100
DATA NKP2vNKP1,WNYWMl/33p32,31,30/ 00401200
DATA NAP1,NA,NAt11,NBP1,NBtlJBM1/9,8,7,27,26,25/ 00401300
DATA UO ,TA, PRT ,RHOO ,CPO ,VISO ,NThAXO/ 00401400
a 1.0,555.86,1.0,0.0714,O.24,1.S6E-4,0/ 00401500
DATA TINF,CNT,ABTURB.BTURB/1.0,0.2,2.0,1.0/ 00401600
DATA CCRAIR/32.17,53.34/ 00401700
DATA QCORRT,Ptll/1.0,0. 9/ 00401800
END 00401900

00402000
00402100
00402200

C N* *** ********** 00402300
SUBROUTINE GRID 00402400

C ~****~**********~******M******* 00402500
COitONR4/C93),YC193),ZC193),XS931,YS(93),ZS(93J, 004.02600
9 DWO(C(93j,DYYC(931,DZZC(93bPDX0S(93),DYYSl93),DZZS(93) 00402700
COtIMON/BL1/DXj,DY,DZVOL,DTItIEPVOLDTTHOT,TCOOLPI ,QQR 00402800

194



COt*IN/BL7/NI .NIP 1,t1Ml ,NJ ,NJPl qNA 1l ,14( *W~P INKI11 00402900
P NIP2 ,NJP2 ,NPZ ,NA,NAP1 ,NAM1 ,IB ,t'P1 ,IBfl KRUNNCI4IP ,JRA ,*IRP 00403000

00403100
C 4* RENERATION OF GRID 00403200

00403300
PI=4.ATANt 1.) 00403400
DX=1.0/FLOATINIM1 J 00403500

C DY=1./FLOATINJMI1-2J 00403600
DY1 ./FLOAT( NJM1-11 00403700
DZ=PI/FLOAT( WJ11-NB+NA-2) 00403800

00403900
00404000

DO 19 I:1,N1D2 00404100
XS(I i(I-ZJNOX*Z.0ffPI 00404200

19 CONTINUE 00404300
00404400

C XS(1J=-OXE2.0*PI 00404500
C XSZ)=.-0. 00404600
C XSI3)=0.01*2.0*PX 00404700
C DO 19 1=4,13 00404800
C XSlI )::I-3)*DX*2.0*PI 00404900
C 19 CONTINUE 00405000
C 00405100

C XS(14)=XS(13J 00405200
C XSt13)=XS(14)-0.01*2.0*PI 00405S300
C DO 18 I1S1,NIPI 00405400
C XSI):XS(14)+(I-14)*DX*Z.0*PI 00405500
C 18 CONTINUE 0040S600
C XS(NIPZ)=XSINIP1 ).XS(3) 00405700

00405800
00405900

YSI 1)=0.000 00406000
YS( 2 =o.ozs 00406100

C YS(31=0.05 00406200
DO 3 J=3,NJ 0040a300
YS( J =(J-2 )*OY 00406400

3 CONTINUE 00406500
YSI NJP1 )YSI tJ 00406600
YS(NJ 1:YSIJP1)-3././12./9.6 00406700
YS(NJP2 )=YSINJP1 43./B./lZ./9.6 00406800

0040b900
cc DO 3 J=4,NJPZ 00407000
cc YS( J =EJ-3 INOY 00407100
CC 3 CONTINUE 00407200

0O 4 I=1,NIP1 00407300
IPI,1 00407400
DXYC I ):XS(Ip1)-XS(I) 00407500

4 CONTINUE 00407600
00407700

D)XC I NIP2 )=:OCI NIPI 1 00407800
00 S I=2,NIP2 00407900
IN=I-1 00408000
D)S ( I I =.5* (D)(C I +.WOCI I111 00408100

S CONTINUE 00408200
D)CXSt1)=DXOCS(2) 00408300
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00408400
00 7 J=I,NJP1 00408500
JPl=J+ 00408600
DYYCI J I=YS( JPI )-YSIJ) 00408700

7 CONTINUE 00408800
00408'00

DYYC( NJP2 )=DYYCI NJP1) 00409000
DO 8 J=2,NJP2 00409100
JMl=J-l 00409200
DYYSJI1:.S*(DYYC(J)+DYYC(J11)J 00409300

8 CONTINUE 00409400
DYYS I )=DYYS( 2) 00409500

00409600
DO 20 l:1,NIP2 00409700
XC( I )XS(I )+DXXCI I )/Z.0 00409800

20 CONTINUE 00409900
00410000

DO 21 JuI,NJP2 00410100
YCIJ )=YSIJ)+DYYC(J)/2.0 00410200

21 CONTINUE 00410300
00410400
00410500

00 9 K:4,NA 00410600
ZS(K 1:(K-3 )NOZ 00410700

9 CONTINUE 00410800
00410900

00 30 K:NBP1,NK 00411000
ZS( K IZS(NA )+ K-NB IDZ 00411100

30 CONTINUE 00411200
00411300

D0 31 K=NAP1,NB 00411400
ZS(K ):PI/2. 00411500

31 CONTINUE 00411600
00411700

ZS( 1:0.0 00411800
ZS( 2 )=0.05 00411900
ZS( 3 ):0.10 00412000

C ZSI ,KP1 3=ZS NK1MI) 00412100
C ZSINK):Z,(NKP1}-0.05 00412200
C ZZ NKM1 I=ZS(NKP11-0.10 00412300
C Z:lt;, Pz j ZS(NKP.j40.05 00412400

00412500

ZS(tHyP2 I=ZS!( I 0041200
ZSfNKP1 3=ZS(NKPZ )-0.05 00412700
ZSM( ):ZS(tKP2 1-0.10 00412800

00412900
00413000

DO 10 K=INKP1 00413100
IF IK.GE.NA.AtJD.K.LT.NB) GOTO 10 00413200
KPI:K+l 00413300
DZZC(K )=ZS(KP1)-ZS(K) 00413400

10 COtTfhFUE 00413500
00413600

DO 32 K:NA,NB1 00413700
DZZCI K )=2.854/I NB-NA) 00413800
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3Z CONTINUE 00,13900
OO#14000

DZZC( (P2 )=DZZC(P1 3 00414100
00414200

DO 11 K=2,NKPZ 00414300
C IF (K.EQ.NA.OR.K.EQ.INB) GOTO 11 00414400

KMI=K-1 00414500
DZZSIK )=.5*I DZZC( K) DZZC( KMI1)) 00414600

11 CONTINUE 00414700
00414800

DZZS 1 )=DZZSI2) 00414900

DO 22 K=I,NKP2 0045000
IF (K.GE.NA.AND.K.LT.NB) GOTO 22 00415100

ZC(K ):ZSIIK ) DZZC(K)/Z.0 00415200
22 CONTINUE 00415300

00415400
00 33 K:NA,NBtI 00415500

ZCIK )=PI/Z. 00415600

33 CONTINUE 00415700
00415800

IF (YSE1).LT.O.0) YS(1)=O.O 00415900
IF (YC(l).LT.O.0) YC(11=0.0 00416000

PRINT * 00416100
PRINT *,' INPUT COORDINATE OF THE TANW IN THE ORDER OF 00416200
PRINT *, I XS YS ZS XC YC', 00416300

& * ZC DXXS DYYS DZZS DXXc 00416400

a , DYYC DZZC' 00416500

DO 12 I=I,NKPZ 00416600
WRITE(6,10Z) IXS(I),YS(I ),ZS(I ),XCII),YC( l),ZC(I), 00416700
a DXXS(I),DYYS(I),DZZS(I),DCXC(I),DYYC(I),DZZC(I) 00416800

102 FORMAT12X,14,l2(2X,F8.5)) 00416900

12 CONTINUE 00417000
00417100

RETURN 00417Z00

END 00417300
00417400
00417500
00417600

C 00-+************-* W O0'17700
FUNCTION XL(I ,J,K,I,N) 00417800

C *** **.****** ****** 00417900
00418000

C WHEN M OR N = 1 THEN SHIFT CELL IN THE NEG X DIRECTION ONE* 00418100
C HALF CELL (STAGGERED CELL) 00418200
C WHEN H OR N = 2 THEN SHIFT CELL IN THE NEG Y DIRECTION ONE* 00418300

C HALF CELL (STAGGERED CELL) 00418400
C WHEN M OR N = 3 THEN SHIFT CELL IN THE NEG Z DIRECTION ONE* 0041e500
C HALF CELL (STAGGERED CELL) * 00418600

C WHEN M = N = I THEN SHIFT CELL IN THE NEG X DIRECTION ONE* 00418700
C WHOLE CELL * 00418800
C WHEN M c N = 2 THEN SHIFT CELL IN THE NEG Y DIRECTION ONE* 00418900

C WHOLE CELL * 00419000

C WHEN H = N = 3 THEN SHIFT CELL IN THE NEG Z DIRECTION ONE* 00419100
C WHOLE CELL W 00419200
Cr,, . * . .,.E********,4**.4*** .** -4I**.* . 00419300
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004.1940D
COtfON/R4/XC(93) PYCI 93),ZC I93),XS(93) ,YS(93),ZS(93 ), 00419500

& DOXCf 93)PDYYCI 93),DZZCI93),D)0CS93),DYYSI93),DZZSI 93) 00419600
XI=XCf I) 00419700
XZ=YC(J) 00419800
X3=ZC(K) 00419900
DXL=D>CXCII) 00420000
IF(H.EQ.N) GOTO 100 00420100

00420200
IFIM.EQ.I.0R.N.EQ.1) XI=XSII) 00420300
IF(I.EQ.I.OR.N.EQ.1) DXL=DX)S(I) 00420400
IF(M.EQ.Z.OR.N.EQ.2) X2=YS(J) 00420S00
IF(M.EQ.3.OR.N.EQ.3) X3=ZSEK) 00420600
GOTO 1000 00420700

100 IF(t.EQ.1) XI=XC(I-1) 00420800
IF(t.EQ.1) DXL=DXXCII-1) 00420900
IFIM.EQ.2) XZ=YC(J-1) 00421000
IFIM.EQ.3) X3=ZC(K-1) 00421100

1000 CONTIME 00421200
XL=XZSIN(X3)*DXL 00421300
RETURN 00421400
END 00421500

00421600
00421700

C 00421800
FUNCTION YLWIJ,KNN) 00421900

C 00422000

C WHEN M OR N = 1 THEN SHIFT CELL IN THE NEG X DIRECTION ONE* 00422200
C HALF CELL (STAGGERED CELL) 00422300
C WHEN H OR N = 2 THEN SHIFT CELL IN THE NEG Y DIRECTION ONE* 00422400
C HALF CELL ISTAGGERED CELL) 00422500
C WHEN M OR N = 3 THEN SHIFT CELL IN THE NEG Z DIRECTION ONE* 00422600
C HALF CELL ISTAGGERED CELL) * 00422700
C WHEN M = N = I THEN SHIFT CELL IN THE NEG X DIRECTION ONE* 00422800
C WHOLE CELL 00422900
C WHEN M = N = 2 THEN SHIFT CELL IN THE NEG Y DIRECTION ONE* 00423000
C WHOLE CELL 00423100
C WHEN H = N = 3 THEN SHIFT CELL IN THE NEG Z DIRECTION ONE* 00423200
C WHOLE CELL * 00423300

00423400
COH11I/R4/XCI 93),YCI93),ZCI93),XSI93),YS193),ZS193), 00423500

& DX×C(93),DYYC(93),DZZCI93),DXXS(93),DYYS(93),DZZS(93) 00423600
XI=XC(I) 00423700
X2=YC(J) 00423800
X3=ZC K) 00423900
DYL=DYYC(J), 00424000
IF(H.EQ.N) GOTO 100 00424100

00424200
IFIN.EQ.2.OR.N.EQ.2) X2=YSIJ) 00424300
IFIN.EQ.2.OR.N.EQ.2) DYL=DYYS(J) 00424400
IFIN.EQ.1.OR.N.EQ.1) X1=XS(I) 00424500
IF(t.EQ.3.OR.N.EQ.3) X3=ZS(K) 00424600
GOTO 1000 00424700

100 IF(H.EQ.2) X2=YC(J-1) 00424800
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.... .... i . '

IF(H.EQ.2) DYL=DYYC(J-1) 00424900
IF(M.EQ.1) XI:XC(I-1) 00425000
IFIM.EQ.3) X3:ZC(K-1) 00425100

1000 CONTINUE 00425200
YL:1.00DYL 00425300
RETURN 004Z5400
END 004Z5500

00425600
00425700

C N *, N*.*.*N*'=4HHH 00425800
FLNCTION ZL(IPJPKPMN) 004Z5900

C '..'I*.i**.II''.'..*.4 00426000
C 00426100
C WHEN H OR N = 1 THEN SHIFT CELL IN THE NEG X DIRECTION ONE* 00426200
C HALF CELL ISTAGGERED CELL) 00426300
C WHEN H OR N a 2 THEN SHIFT CELL IN THE NEG Y DIRECTION ONE* 00426400
C HALF CELL ISTAGGERED CELL) ' 00426500
C WHEN H OR N = 3 THEN SHIFT CELL IN THE NEG Z DIRECTION ONE* 00426600
C HALF CELL (STAGGERED CELL) N 00426700
C WHEN H a N a 1 THEN SHIFT CELL IN THE NEG X DIRECTION ONE* 00426800
C WHOLE CELL * 00426900
C WHEN H = N = 2 THEN SHIFT CELL IN THE NEG Y DIRECTION ONE* 00427000
C WHOLE CELL N 00427100
C WHEN H = N = 3 THEN SHIFT CELL IN THE NEG Z DIRECTION ONE* 00427200
C WHOLE CELL N 00427300
C*' ' * .NN**'NN.NN:-------- 00427400

COMtON/R4/XC(93),YC(93),ZC(93),XS(93),YS(93),ZS 931, 00427500
& 0XXCI93),DYYC(93),DZZC!93),DXXS93),DYYSI93)PDZZSi93) 00427600
COHMON/BL7/NI ,NIP1 ,NIM1 ,NJ ,NJP1 ,NJH1.1, , Pl 1 ,WM1 00427700
& ,NIPZ,NJP2,NKP2,NANAP1,NAIN,INP I,NBMIKRUN,NCHIP,NJRA,NHRP 00427800
X1=XC( I) 00427900
X2=YCI J) 00428000
X3=ZC(K) 004Z8100
DZL:DZZC(K) 00428ZO
IF(I.EQ.N) GOTO 100 00428300

00428400
IF(M.EQ.2.OR.N.EQ.2) XZ=YS(J) 00428500
IFIM.EQ.I.OR.N.EQ.1) XI=XS(I) 00428600
IFIM.EQ.3.OR.N.EQ.3) GOTO 200 004Z8700
GOTO 1000 004Z8800

004 28q00
ZOO CONTINUE 0042900

IF EK.EQ.NA.OR.K.EQ.NB) GOTO 2000 0042qloo

X3=ZSIK) 00429200
DZL=DZZS(K) 00429300
GOTO 1000 00429400

00429500
100 IFI1.EQ.3) X3=ZCIK-1) 00429600

IF(M.EQ.3) DZL=DZZC(K-1) 00429700
IF(M.EQ.2) XZ=YC(J-1) 00429800
IF(M.EQ.1) Xl=XC(I-1) 00429900

1000 CONTINJE 00430000
ZL=X*DZL 00430100
GOTO 300 00430200

2000 CONTINUE 00430300
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DZL2=DZZCI K-i) 00430400
DZL2=DZZCtK) 00430500
IF IK.EQ.NB) DZLI=DZZCIK) 00430600
IF IK.EQ.IB) DZLZ=OZZC(K-1) 00430700
ZL=( XZ*0ZL1.DZL2 )/2. 00430800

300 COtJTINUE, 00430900
RETURN 00431000
END 00431100

00431200
00431300

C 00431400
FUNCTION SILIN(V1,VZ,01,DZi 00431500

C *4*i** 00431600
C IF (01.EQ.0.0.AND.DZ.EQ.0.01 D1P.1 00432700
C IF (D1.EQ.0.0.AND.D2.EQ.0.0) 0220.1 00431800

SILIN~ V1*02.V2*D1 Vt 01+D2 1 00431900
RETURN 00432000
END 00432100

00432200
00432300

C ~~---00432400
FUt-.CTIOJ BILINI,V2,01,02,V3,V4,D3,D4,05,06t 00432S00

C *H*********4*****HH**H 00432600
V12%:I *D2,V2*D1l)/t01+02) 00432700
V34:t V3*D4,V4*D3 I/I03.04) 00432800
BILIN=t V12*Db.V34*DS lI 05.6) 00432900
END 00433000

00433100
00433200

C 00433300
SUBROUTINE STRESS 00433400

C *f*******W00433S00

COMPON/R4/XC(93),YC193),ZC(93),XS(93),YS193),ZSt93), 00433600
a OXXC(93b0YYC93),DZZC(93J,>0(S193),DYYS(93),DZZSt93) 00433700
C0?MWt0/BL/X,DY,DZ,VOL,0TIME ,VOLOTTHOTTCOOL,PI ,QsQR 00433800
COtWDN/BL7/NI ,NIP1.NIM1 PNJ ,NJP1 ,NJN1 ,N!K,NKP1 ,NKM1 00433900
& ,NIP2,NJP2,NKP2,NANAP1,NAMINBNP1,NBM1,KRLJNCHIPNJRA,4RP 00434000
COM?.ON/L2/SG1122,16,32),SIG12(22,16,32),SIG22(2Z,16,32) 00434100
& PSIG13(22,16,32),SIG23I22,16,32),S1G33(22,16,32) 00434200
COt-UOt/L22/ICHPB( 10 ),NCt4PIt10),JCHPB( 10 I ,tCHPJ( 10 ),KCHPB( 10), 00434300

& NCHPK(1I,TCHP(10),CPSiI101,CONS(10),NFAN(10) 00434400
COtTIOtVBL32/ T(22,16,32JRi22,16,32j,P(ZZ,16,32J 00434500
a ,C(12,l1b,32),U22,16,321,V(22,16,32),W(22,l6p32) 00434600
COttION/P8L37/ VIS(22,16,32)bCONI2Z,16,32),ND(2216,32),RKALLt579)00434700
A ,CPM(2216p3&),HSZ(3v2),NHSZ(22,16,32),RESORM(t93) 00434800

00434900
00435000

DO 100 K=2,WI 00435100
KP2=K+2 00435200
KP1=K.1 00435300
KMI1K-1 00435400
KM2:K-2 00435500
D0 100 J=2,14J 00435600
JP22J+2 00435700
JP1=J.1 00435800

200



S- UJ-. 00435q00

Jm2=J-2 00436000
00 100 =Z1,NI 00436100

IP2=I+2 00436200
IPl=I l 00436300
ItZ1I-1 00436400
IMZ:I-2 00436500

00436600C CENTRAL LENGTH OF THE SCALAR CONTROL VOLUME 00436700

00436800DXPI=XL(ZP1,J,K,O,0) 00436900
DX! =XL(I ,J,K,0,0 00437000
DXMI=XL(IMlPJ,K,0,0) 00437100

00437200DYP1=YLII,JP1,K,0,O) 00437300
DYJ =YL(IJ ,K,0,0) 00437400
OYMI=YL(I,JI1,K,0,0) 00437500

00437600DZP1=ZLIIJ,KP1,O,O) 00437700
DZK =ZL(I,J,K ,0,0) 00437800
DZMI:ZLI ,J,KM1,0,0) 00437900

00438000C S SURFACE LENGTH OF THE CONTROL VOLUME 00438100

00438200DXN=XLtI,JP1,K,0,2) 00438300
DXS=XLII,J ,K,0,2) 00438400
OXF=XL(Z,JKPI,0,3) 00438500
DXB=XL(I,JPK ,0P3) 00438600

00438700DYF=YLIIJ,KP1,0,3) 00438800
DYB=YLII,J,K ,0,3) 00438900
OYE=YL(IP1,J,K,0,1) 00439000
DYH=YL(I ,J,KO,1) 00439100

00439200DZE=ZLIIP1,J,K,0,11 00439300
DZW=ZL(I ,J,K,0,1) 00439400
DZt=ZL(IJPIK,0,2) 00439500
DZS=ZL(IJ ,K,0,2) 00439600

004!9700C o'.. CENTRAL LENGTH OF THE STAGGERED CONTROL VOLUME FOR T 00439800
0043;900

OXEE=XL(I P2,J,K,0,1) 00440000
DXE =XLIIP1,J,K,0,1) 00440100
DX0 =XLtI ,J,K,OI) 00440200
DXWW=XL(IM1,JK,0,1) 00440300

00440400DYt*4=YLI ,JPZ,K,0,2) 00440500
DYN xYLIZJP1,KO,2) 00440600
DYS =YLII,J ,K,0,2) 00440700
DYSS=YL(I,JM1,K,0,2) 00440800

00440900DZFF=ZLII,J,KP2,0,3) 00441000
DZF zZL(I,JPKP1,O,3) 00441100
DZB cZLII,J,K ,0,3) 00441200
DZSB=ZL(I,JKM,0,3) 00441300
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00441400
WIARzO.5*(U(IPI,JK)*UII,JK3 00441500
VBAR=0.S*IVIIJPI,K 3+VII,J,K 3) 00441600
IBAR=0.5*(N( I,JKPI+'( IpJ,K) 00441 700

00441800
DXY=DXI*DYJ 00441900
DYZ=DYJ*DZK 00442000
DZXzDZK*DXI 0044Z100

00442200
SIGII(I,J,K 3=2.*VIS(I,J,K 34g U(IIPJ,K)-U(IJK),'DXI 00442300

a *VBAR*I DXN-DXS 3/DXY 00442400
£ *NBAR*( 0)F-DXB I/OZX 0044Z500

00442600
SIG2(I,J,K3:2.*VISII,J,K3IhIVyu,JP,K-V(I,J,K3J,.DYJ 00"42700
a *I'SAR*( DYF-DYB 3/DYZ 00442800

a *UBAR~t DYE-DYH)/OXY) 00442900
00443000

SIG33(I,J,K)=2.*VIS(I,JK)(fN(IJKPI)-4(IJK)/Z 00443100
A *UBAR*( OZE-0Z'4)/DZX 00443200

a *VBAR*( DZN-OZS 1/DYZJ 00443300
100 CONTINUE 00443400

00443500
DO 200 K=2,NKP1 00443600
KP2:K+2 00443700
KP1:K .1 00443800
KMlzK-1 00443900
KtI2=K-2 00444000
DO 200 J:2,NJP1 00444100
JP2=J+Z 00444200
JP1=J.1 00444300
Jm1:J-1 00444400
J?12=J-2 00444500
DO 200 12Z,NIP1 00444600
1P2=I,2 00444700
IP1:I,1 00444P800
It11=I-1 00444900
IMZ=I-2 00445000

00445100
00445200C N4* FOLLO$4ING DX, DY, OZ, ARE BASED ON THE LOCAL CONTROL 00445300

C VOLUME FOR SIGIZ 0044+5400
00445500

C IF (J.EQ.2) GOTO 300 00445600
DXN=XLII,J ,K,1,0) 00445700
DXS=XL(I,JMI,K,1,0) 00445800
DYE-YL(I ,J,K,2,0) 00445900
DYN:YLI IM1,J,K,2.03 00446000
DXI=XLII -j,K,lD2) 00446100
DYJ=YL(Z ,J,K,2.11 O044b200

00446300
DYN=YLtI,J ,K,1,0) 00446400
DYS=YL(I,Jt11,Kp,,0 00446500
OXE=XL(I JK,2,0) 00446600
D)04:XL(IMI1,J,K,2,0O) 00446700

00446800
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UBAR=SILINt U(I1,4,K I ,W ,JI,K I ,YN ,DYS) 00446900
VBARSILIN(VI,J,K),VtII1,J,KDXE,X) 00447000

00447100
VIS22z8ILIN(VIS(1 ,J,KIPVIS(I PJ111,KI,DYNDYS, 00447200
3VIS(II11,J,K),VIShIM1,Jt11,KJ,DYN,DYSP 0XE,0D04) 00447300

00447400
SIG1ZII,JK3z VIS12*I(V(I,J,K.I-V(IH1JKI/DXI 00447500

-VBAR*(OYE-DYI4)/(OXI*0YJ)) 00447600
SXB12II,JK )zS102(IjK ).vIsl2*I (UII,JK )-U(I,Jtll,K I)/DYJ 00447700

a-UBARNI DXN-DXS i/I XI*DYJ)) 00447800
300 CONTINUE 00447900

00448000
C **~ FOLLOWING DX, DY, D, ARE BA-LED ON THE LOCAL CONTROL 00448100
C VOLUMIE FOR SIG13 00448200

00448300
DXFzXLII.J,K ,1poj 00448400
DXB=XLII,J,KM1,1,0J 00448500
OZE-ZLII ,J,K,3,0) 00448600
DZH ZL(IM1,J,K,3*0J 00448700
DXIzXL(I ,J,K,lp3) 00448800
DZKzZL(I PJK,3,1) 00448900

00449000
DZF=ZL(IJ,K ,1,0) 00449100
DZB:ZL(I,J,KM1,1,0) 00'49ZOO
OXE=XL(I tJ,K,3,O) 00449300
DXH2XL1 ?.H1JvKs,3,0) 00449400

00449500
IF (DZF.EQ.0.0.OR.DZB.EQ.0.0.0R.OZE.EQ.0.0.OR.DZH.EQ.0.0) 00449600
A I4RITE (6,*) 1,J,K, OZFPOZB,DZE,DZX 00449700
LSAR:SILINIUII,JK I,U(IJKM1 ),DZFDZh) 00449800
IGAR:SILINII4II,J,KJ,H(I1,J,K),DXE,)0,4 00449900

0045000
VIS134IlLlNfI SI I ,J*Kjoii VS J,KM1I,DZF,DZB, 00450100
IVIS(IN1,JK),VIS(IM,JKll),ZF,OZB, DXE,0)041 00450200

00450300
SIG131I,J,K~z VIS13*U(WtI,J,KI-(II1,J,K))/DXI 00450400

a -M'BAR(DZE-DZXI/(DXI*DZK 1) 00450500
SIG13(I,J,K)=SIG13(IJ,KJVIS13*I UII,J,K)-U(I,J,KM~I)/DZK 00450600
a -UBAR.( DXF-OXCB I/I XI*DZK i 00450700

00450800
00450900

C ** FOLLOWING OX, DY, OZ, ARE BASED ON THE LOCAL CONTROL 00451000
C VOLMlE FOR SIGZ3 00451100

00451200
OZNZL(I,J ,K,3pOI 00451300
OZS:-ZL(I ,JM1 ,K,3 ,01 00451400
DYF=YLII,J,K ,oi 00451500
DYB=YL(I I(1,2 p,0) 00451600
DZK=ZLII,J.K,3,2) 00451700
D'fJ=YL( ZJ,Kv2,3) 00451800

00451900
0YNZYUIPJ PKP3,0J 00452000
DYSzYLlI,JM1,K,3,0) 00452100
DZF:ZL(I,J,K ,0)00452200
DZB=ZL( I,JKt11,2,0) 00452300
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00452400
IARSILINIIv JK J,HE I JM1,K ),DYNOYS) 00452500
VBARSILIN(V(I,J,K),V(IJIcMilDZFDZhJ 00452600

00452 700
VIS23=BILIN(VIS(I P,K),VISI,.A11,K ),DYN,DYS, 00452800
3VIS(I,JKM1I,VIS(IJM1,KM1),OYNDYS, DZF,OZB) 00452900

00453000
SIGZ3(IpJvKJ: VIS23*l(V(I,J,K)-VII,J,KM1))/DZK 00453100
A -VBAR*( DYF-DYB )/I OZK*DY.J ) 00453200
SIG23(I,J,K)=S102311,J,K)+VISZ3*((H(IJK)-N(IJ1,K))/YJ 00453300
a -HBAR*3 OZN-DZS i/I 0Z(*0YJI) 00453400

00453500
200 CONTINU)E 00453600

D0 110 I1.NIP1 00453700
D0 110 J:1,NJP1 00453800

C I4RITE 16P998) I,JSIGII(IJ,5),SIG12(IJ,5),SIG13IIJ,5), 00453900
C a SIG22(I,J,5),SIG2311,J,5J,51G3311,J,5) 00454000
998 FORMAT l2X,14,lX,I4,6(lX,Ell.4)) 00454100
110 CONTINUAE 00454200

RETURN 00454300
END 00454400

00454SO0
00454600
00454700

C 00454800

SUBROUTINE CALQ( LI) 00455000
4141 ***4**41*411****4********W4*W~--~-----.-----~. M---...00455100

COt'tlON/BL1/OX,OY ,DZ,VOLDTIME ,VOLDTTKOTTCOOLPI ,Q,QR 00455200
COMMON/BL7/NI ,NIP l NIM1,NJ ,NJP1,NJM1 vf, PP1,WM1 00455210
C0ttlON/BL12/ N4'RITE ,NTAPE ,NTMAXO ,NTREAL ,TIME ,S0RSLNi,ITER 00455300
COt1.CN/BL14/HCOEF,TINFCNT,ABTURB,SrURBVISL VISMAX,QCORRT,PM1 ,PMZ00455400
COtIMON/BL16/ CONISTI ,CONST2 ,CONtST3 ,CONST4 ,CONST6 ,NT ,UO ,N,UGRT ,BUOY ,00455S00
& CPO,PRTCONDO,VISO,RHOOHR,TR,TA,OTEMPTNRITE,TTAPETMAX,GCRAIR00455600
COIION/8L34/ HEIGHT(22,16,32),REQI22,16,3ZJ, 00455700
A SMP(22,la,32),SMPP(22,16,32),PP(22,16,32), 00455800
A DU(22,16,32),DV(2 2,16,32),ON(22,16,32) 00455900
CO?'t101/BL37/ VISI 22,16,32 ),COND( Z2,16,32),NOOI 22,16,32),RHALLI 579 100455910
& ,CPM(22,16,3Z),HSZt3,2),NHSZ(22,16.,^I,RESORM[93) 00455920
COMOIVBL39/ALEN,PCURVE ,CONISRAPCJRI1 ,PSOUTHQCORR,PERROR 00456000

00456100
C w*IN MA~rY OF THE FOLLOWING LINES A TEMPORARY CORRECTION FOR 00456200
C * ADJUSTING QQ TO AGREE WITH THE PRESSURE HAS BEEN APPLIED. 00456300

00456400
XTIME :TItIE*H/UO 00456500

00456510
VOLT=O.0 00456520
DO 113 1:2,NI 00456530
DO 113 J=Z,NJ 00456540
00 113 K=16,17 00456550
IF lNHSZ(I,J,K).EQ.01 GOTO 113 00456560
DXI =XLII PJK,0,0) 00456570
DYJ =YL(I,J ,K,0)01 00456580
DZK =ZL(I,J,K ,0,0) 00456590
VOL2DXI*OYJ*DZK*M*H*H 00456S91
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VOLT :VOLT .VOL 00456592
113 CONTINUE 00456593

00456S%4
QRVOL=0. 0045b595
Do 70 1:561,579 0045654t
GRVCL=QRV0LRNALL( I *i./12.*O.Z*PI 00456597

70 CONTINUE 004.56598
C 00456599

QR=QRVOLAOLT*UO*CPO*RHOO*TA/M 00456600
00456700

IF IXTIME.LT.23.l) THEN 00456800
PCURVEz9. 789522E-5*XTIME**2-2 .3883I0E-6*XTIME-*3 00456900

& RE(109916) 00457000
OPDT =9. 789522E -S*XTIME*2-2 .388310E -6*XTINEw,2*3 00457100

ELSE 00457200
PCURVE.0052, .81264E-3*XTIHE-. 22604E-5*XTINEN*2,.27262E-WXTIHE**00457300
& 3-.115621E-11*XTIME**4,REQI1O,9,16) 00457400
DPDT.81264E-3-. 22604E-5*XTIME*2,. 27262E-8*XTIME** 00457500
& 2*3.0- .1156Z1E-11*XTIHE**3*4 00457600

ENDIF 00457700
IF (LL .EQ. 1) THEN 00457710
QQ:1 .OE&*DPDT 00457800
Q=CQ*3 .4134/60. /60. 00457900

65 CCHITINUE 004.58000
Q=Q*QCORRT-QR 004.58100

00458200
ELSE 00458300

C THIS USES A CURVE FIT THROUGH THE BURNRATE DATA GIVEN BY NRL 00458400
CCORRT=0.0 00458410
QCORR=0. 0 00458420
ITEST =0 00458500
BURfJRi: 5.4576748 ,O.188l5346*YTIt4E-.20153996E-03*XTIME**2 004.58600
BJ;RNRZ= -1.3116787 + .33158595*XTIME-. 7342952E-03*XTIME**2 00458700
£ *.50945510E-06*XTIME**3 00458800

IF IXTIME .LT. 100) THEN 00458900
BUPRR BURNR2 + 1.3117-.13117XTIME 004S9000

E LSE 00459100
OURNR =BURNRZ 00459200

EW)IF 00459300
IF(XTIME .LE. 300) GO TO 60 00459400
IFIBURNR2 .LT. BURNR1) THEN 00459500

O I;?' = BURIJR1 + BUPNR2J / 2 00459600
GO TO 60 00459700

ELSE 00459800
lF ( XTIME .LT. 600.01 GO TO 60 004SCO00
IF (ITEST .EQ. 0) THEN OO4bOCOO

BURNP.3 =BURNRZ 00460100
ITEST r1 004.6000

EPJDIF 00460300
BURNR c BURNR3 00460400

ENOIF 00460500
60 Q = BURNR2.2046*9612./3600.-QR 00460600

CC THIS GIVES Q IN BTU/SEC 00460700
00460800

END! F 00460900
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Q=59.31340. 7195*XTIME-0. 1139E-Z*XTItE*Z-0. 3367E-5*XTIME**3 00460910
Q=Q*3412/3600 00460920
RETURN 00461000
END 00461100

00461200
00461300
0046~1400

C 00461500
~ *****~4*********H****4*****4HH**~00461600

SUBROUTINE RADHTE T4I4ALL ,VFMXC) 00461700
***.* 411H*****4**4**W0046 1800

COttlONBL 7/NI ,NlPI,NIM1 ,NJ ,NJP1 ,NJ~1 M ,M(rPI ,MM 00461900
3 NIP2 ,NJP2 ,WP2 ,NA ,NAP1 ,NAMI ,NB ,NBP1 ,NBM1 ,KRIMN,NCHIP ,NJRA*NK4RP 00462000

COttlON/BL16/ CONSTI ,COt4ST2 CONST3 ,CONST4,CONST6 ,tT ,UO ,I4,UGRT ,BUOY ,00462100
A CPO,PRT,CONDOVISO,.RHOO,HRTR,TADTEMP,TNRITETTAPE,TMAX,G7C,RA1R00462200
COMMIO4/3L32/ T(22,16,32),R(22,16,32IP(Z2,16,32I 00462300
a ,C(22,1*,321,U(22,16,32),V(22,16,32),HtZZ,16,32) 00462400
COMMON/BL37/ VIS(22,16,32),CONDf22.l6,32),NOD(22,16,32),R4ALL(579)00462500
A ,CPIt22,632)HSZ(3,2),NHSZ122,16,32),RESORM(93) 00462600
COttlON/BL39/ALEHPCURVE ,CONSRA,PCURM1 ,PSOUJTHQCORRsPERROR 00462700

00462800
00462900

DIMENSION VFMXDC( 579,579) ,T4KALL) 579) 00463000
DO 4010 K=3,NKMI 00463100
DO 4010 1:2,NIl 00463200

II:IK3 I~NI-1.I-100463300
T4NALLg II )=C0NSRA*T( I ,NJRA,K )*TEII,NJRAK )*T( I ,NJRA ,K *T(I ,NJRA ,K) 00463400

4010 CONTINUE 00463500
00463600

C RADIATION4 FROM THE FIRE TO THE HALL 00463700
00463800

DO 4011 J=3p9 00463900
JJ:561,9-J 00464000
AVT=0.25*tT(16,J,16),T(17,J,16),T(16,J,173,T(17,J,17)) 00464100
T4I4ALL IJJ ):C0NSRA*AVT*AVT*AVT*AVT 00464200

4011 CONT114JE 00464300
C 00464400

DO 4012 J=3P14 00464500
JJ=568,J-3 00464600
AVT=0.25*rTI6,J,16),TI 7,J,16)4T(6,J,17)+Tt7,J,17)) 00464700
T4NA.LL(JJ )=CONSRA*AVT*AVT*AVT*AVT 004*4800

4012 CONTINUE 00464900
C 00465000

D0 4020 I=1,579 00465100
RHALLI I )=.O 00465ZOO
D0 4020 J=1,579 00465300
RHALL(I 3RKALL(I,,VF1O.CII,JJ*T4KALL(J) 004b5400

4020 CONTrINUE 00465500
RETURN 0046500
E14D 00465700

00465e30
00465900
00466000

C 00466100
N41 ***I*Iu*4****w***~***************HHH******I*****4I4HI*4*00466 200
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SUB3ROUTINE GLOBE 00466300
**W **N************************4HH***N**************H*00466400

* THIS SUBROUTINE CALCULATES THE GLOBAL PRESSURE CORRECTION, *00466500
W HEREBY THE PRESSURE MATRIX IS UPDATED. *00466600

* VARIABLES USED ARE: *00466700
*S[UJIT a SUM OF TEMPERATURES *00466800
*SUMPT m SUIM CF PRESSURE OVER TEMPERATURE *004.66900
*SUMPET r SUM OF EQUILIBRIUM PRESSURE OVER TEMP*00467000
*UGRT a CONSTANT *00467100
*PCORR x PRESSURE CORRECTION *00467200

4HH*N*****I*****4HH******4H~****************4HH* * **HHH**0046 7300
COt*ION/BL7/NI PNIPI ,NIMX ,NJ ,NJPI ,NJM1I( ,M(*NP1 ,t'DM1 00467400
A ,NIP2,NJPZNKP2,NA,NAP,NAM1,N8,NBP,NBM1KRL4,NCHIP,NJRAI44RP 00467500
COtIMON/L16/ CONSTI ,CONSMT2,CONST3 ,CONST4 ,CONST6 ,NT ,UO,H ,UGRT ,BUOY ,00467600
S CPO,PRTCONOO,VISORHOO,HR,TR,TADTEMPTHRITETTAPE ,ThAXGC,.RAIR00467700
COMMON/BL32/ T(22,16,32),R(Z',16,32JP(22,16,321 00467800
a ,C(Z2216s321,U(2,j16,3ZbV(ZZ,16,3ZbHiZZ,16,32) 00467900
COt*ION/BL34/ HEIGHTf22,l6p32J,REQ(2,1b,3.3, 00468000

A StP22,16,32),SMPPIZ2,16,32),.PP(22,16,.32)3, 00468100
a DU(22,l6,32),DV(22,16,32i,DN(Z2,16,32) 00468200
COt*ION/BL37/ VIS(22,16,32 I,C0N0122,16,32htN00(22,16,32),R4ALL(579)00468300
a PCPMl22,16,32),NSZg3,2),NHSZ(22,l6,32^),RESORMt93) 00468400

00468500
SUMT=O. 00468600
SUMPT=O. 00468700
SUk2PE T=O. 00468800
D0 370 I=Z,NI 00468900
00 370 J=Z,NJ 00469000
D0 370 K=2,NK 00469100
IF (N00(I*J,K).EQ.l) GOTO 370 00469200
DXI=XL(I,,J,K,0,0,O I 00469300
DYJaYL(I,J,K,0,0,03 00469400
DZK=ZL(I,J,K,0,0,0 J 00469500
VOL=DXI*DYJ*OZK 00469600
SUJMT=SUMTI1./T( I,J ,K )*VOL 0046 9700
SUIPT:SUIIPTP(I,J,.Kj/T(IIJK I*VOL 00469600
SUMPET=SUrPETREQ(I,JK)*I1./l.0-l./TVIJK)I*V0L 00469900

370 CONTINUE 00470000
SUfMPET :SIRPET/UGRT 00470100
PCORRal SUMlPET-SflRPT )/SINr1T 00470200
PCORRtl=PCORR 00470300

00470400
00 371 1a1,NZI 00470500
DO 371 J=1,14JP1 00470b00
D0 371 K=1,NKP1 00470700
P I ,J,K )P( IJPK ).PCORRN 00470800

371 CONTINUE 00470900
00471000

RETURN 00471100
END 00471200

00471300
00471400
00471500

C 00471600
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SUBROUTINE SOLCON 00471800

COtM4tVBL7/Nl ,NIP1 ,NIM1 ,NJ ,NJP1 vNJM1 iWK,WPI ,WKM1 00472000
& 14IP29tNJPZNKP2NANAP1,NAI1,NNBPINBtllKRUNNCHIP.NJRAjte4RP 00472100

COMMON/8L12/ N*1RITE ,NTAPE ,NTMAYO ,NTREAL ,TIME ,SORSLNiITER 00472200
COfttIN/BL16/ CONST1,PCONST2,vCONST3 ,CONST4,CONSTa ,NTPUO , ,UGRT,#BUOY, 004 72300
& Cro,PRT,CONDO,VISORHOO,HR,TR,TA,DTEMP,ThRITE,TTAPE ,TMAX,GC,RAIR00472400
COtttOt4BL22/ICHPBI 10 ,NCHPIE 10 ),JCI4PB( 10),NCHPJI 10 ),KCHPBI 10), 00472500
a NCb'.PK 10) ,TCHPI 10) ,CPS 10) ,C0NS( 101 ,HFAN( 103 00472600
COt*ION/8L37/ VIS(22,16,32),CDt4(22,16,321,NOD(22,16,32),RHALL1579)00472700
& ,CPM(22,16,32)HSZ(3,2),N4SZ(22,1632,RESORIC93) 00472800

00472900
00 402 Nz4,NCHIP 004.73000
IB=ICHPB(N) 00473100
XE=IB+NCHPI(N)-2 00473200
JB=JCHPBI N) 00473300
JE=,JB+NCHPJ( N -1 00473400
KB=KCHPB( N 00473500
KEzKBNCHPK( N -1 00473600
00 405 XIBXPE-1 00473700
D0 405 JzJB,JE-1 00473800
DO 405 IKBK,KE-1 00473900
CONlD(IvJK 3 CCND00C0NS(N) 00474000
CPM(II,J,KI=CPS(N) 00474100
NCD(I,J,KI:1 00474200
IF (J.EQ.NJ) C0NDEI,NJP1,KJ=CON0(IPNJPK) 00474300
IF (I.EQ.2) COfD(lpJKJ2C0N(2,J,-KJ 00474400
IF (I.EQ.NII C0ND(NIP1,J,K)=C0ND(NIJ,K1 00474500
IF tI.EQ.2.AND.J.EQ.NJ) COND,J*1,K)=C0ND(2,J,K) 00474600
IF (I.EQ.Nl.AND.J.EQ.NJ) C0NDINIPl,J,1,KJzC0NDlNI,J,K) 00474700
IF (J.EQ.NJ) CPM(INJP1,KI=CPM(INJK) 00474800
IF (I.EQ.21 CPM(1,J,K)=CPM(Z,J,K) 00474900
IF (I.EQ.NI) CPM(NIPI,J,KI=CPM(NI,J,K) 00475000
IF (I.EQ.Z.AND.J.EQ.NJJ CPM 1,J+1,K i-CPM(2,J9KJ 00475100
IF (I.EQ.HI.AND.J.EQ.NJ) CPM3NIP1,J+1*KI:CPMlNIJK) 00475200

405 CONTINUE 00475300
402 CONTINUE 00475400

RETURN 00475500
END 00475600

00475700
00475800

C 00475900
*** ****************************************************004 76000

SUBROUTINE PTRACK 00476100

C~tJ*,0N/BL14/HC0EF ,TINF ,CNT ,ABTURB,BTURB,VISL ,VISM1AX,QC0RRT ,Pt11 ,PM200476300
COI?M1ON/BL16/ COtJST1 ,C0NZ.T- ,CONIST3,CON4ST4,COt4ST6 ,NT ,U0,H,UGRT ,BIOY ,00476400
& CPO,PRT,CONDO,VISO,RHOO,HR,TR,TA,OTEMPTNRITE,TAPE,TIAX,GC,RAIR00476500
COtI4ON/BL32/ T122,16,32),R122,16,32),P(22,16,32) 00476600
A ,C(22,16932),U(22,16,3.'),V(22pl6,32),N(22,16,32) 00476700
COMMION/BL34/ HEIGHT(22,16,32),REQ(22,16,32), 00476800
& SflP(22,16,32),SMPP22,6,32),PP(22,16,32), 00476900

D U122,16,32),DV(22,16,323,D$(22,16,32) 00477000
COttlON/8L39/ALEN,PCURVE ,CONSRA,PCURN1,PSOUITH,-QCORR,PERROR 00477100

00477200
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CC THE FOLLOWING PRESSURE TEST IS A TEMPORARY MEASURE TO MODIFY THE 00477300
CC HEAT INPUT TO FORCE THE CALCULATED PRESSURE TO AGREE WITH THE 004.77400
CC EXPERIMENTAL PRESSURE. IT WILL BE USED UNRTIL ACCURATE HEAT INPUT 00477500
CC **IS RECEIVED. 00477600
CC 00477700

PSOUTH P(1O,9,16)*CONSTI.REQ(l0,9,161 00477800
PERROR:( PCURVE-PSOUTH 1/PCURVE 00477900
QCORR=1.0tPERROR-( PSOUTH-PMI)/PCURVE 00478000
QCORR: 1. 0PERROR-4 PSOUTH-PMi )/PCURVE .1PSOUTlI-PM1l)/( PCURVE-PCURM1 )*00478100

I IPCURVE-PM1 )/PCURVE 00478200
QC0RRT=QCORRT*QCORR 00478300
PCURMlzPCURVE 00478400
PM1=PS0U TH 00478500

C 00478600
RETURN 00478700
END 00478800

00478900
00479000
00479100

C 00479200

SUBROUTINE TCP 00479400
**~**********4H**0479500

00479600
**********I*W4E**************~************4**************004 79700

* THIS SUBROUTINE CALCULATES THE TEMPERATURE AT THE TERMOCOUPLE *00479800
* POSITIONS. *00479900

COMZIONR4/XC 93 ),YCI93) )ZC(93 )PXSI 93p ,YSt 93) ,ZSf 93),v 00480100
a DXXC(93)rDYYCI93),DZZC(93),0XXS193),DYYS(93),DZZS(93) 00480200
COMMON/BL16/ CONSTi ,CONSTZ ,CON.ST3 ,CONST4 ,CON4ST6 ,NTUO ,H ,UGRT ,BUOY ,00480300
& CPO,PRT,CONDO,VISO,RHOO,HRTR,TA,OTEMPTHRITE,TTAPE,TMAX,GCRAIR00480400
COl*ION/BL32/ T122,16,32),R(22,16,32hpPI22,16,32) 00480500
& PC(22,16,32),Ut22,16,32),V(22,lb,323,N(22,16,3Z) 00480600
C"MON/BL38/NTHCO,CX(12),CYI11),CZI1Z),NTH(12,3),TCOUP(12) 00480700

00480800
00480900

00 5100 N=1,NTHCO 00481300
II=NTH(N,l) 00481100
JJ=NTHIN,2) 00481200
KK=NTHII.,3) 00461300
V0L:ABSIIXCiII,1)-XC(11))*(YCIJJ,11-YC(JJ)1*(ZC(KK,1)-ZC(KK))) 00481400
TCOUP(N )=0. 00481500
00 5101 1:11,11+1 00481600
l=II+ I 11+1-I 00481700
DO 5101 J=JJ,JJ+1 004S1800
jjj~jj j+JJl-J 00481900
DO SIC1 K=KK.,KK.1 00482000
KKK='KK.KK+1-K 00482100
NVOL=ABS(IXC(I)-CX(Nl*(YCJ)-CYIN))*(ZCIK)-CZ(N)))/VOL 00482200
TCOUPI N )=TCOUP( N j+NOL*T( III ,JJJ,KKK) 00482300

5101 C0OTNUE 00482400
TCOUPE N 3TCOUP( N)*TR-273 .18 00482500

00482600
5100 CONTINU)E 00482700
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00482800
RETUIRN 00482900
END 00483000

00483100
00483200
00483300

c 00483400
*4*4 *4**4*4***4H.**.4*4****~~ **4*00483500

SUBROUTINE OUTI t*N 00483600
*** ****4***4****4H4**H1*4*******4*g*H*4*****00483 700

COMtlON/BL1/DXDY ,DZVOL.OTIME ,VOLDTTHOTTCOOL ,PI ,QQR 00483800
CO9*ION/BL7/NI ,NIP1,NIM1,NJ,NJPI,NJMINKWP,t4'H1 00483900
& ,NIPZ ,NJP2 tPPZNA ,NAP1 ,NAI11 NB ,NBP1 ,NBM1,KRLRJ ,NCHIP ,NJRA,N4RP 00484000
CO0"0/LIZ/ N*RITE ,NTAPE ,NTNAXO,NTREAL,TIME,SORSiITER 00484100
COIIION/BL14/HCOEF ,TINF ,CNT ,ABTURBSTURBVISLVISMAX,QCORRT,PN1 ,PM200484200
C0IMON/BL16/ CONSTI ,COIJST2 ,CONST3 ,CONST4 ,CONST6 ,NT ,UO,H,UGRT ,BUY ,00484300
& CPOPRTCONDOVISORHOO,HR,TR,TA,DTEMP,T4RITE,TTAPETIAXGCRAIR00484400
COP2ION/BL32/ TI 22,16,32boRI22,16,32),PIZ2,16,32) 00484500
a ,CIZZ,16,3ZbU(22,16,32),V122,16,32JH122,16,32) 00484600
COt*ION/BL34/ HEIGHTI 2216,32 ),REQE 22,16,32), 00484700
& SMP(22,16,32),S*MPP22,1632hDPPIZZ,16,.32), 0048480
a DU(22,16,32),DV22,1632,D.a22,16,32) 00484900
COMMON/BL3/APIZP16,32hAE(22,16,32).AH22,16,32),AN(22,16,32), 00484910
a AS122,lo,32),AF(ZZ,26,32),A8122,16,32), 00484920
a SP(22,16,32),SUIZ2,1~,32),RI(22,16,3Z1 00484930
COMtlNL37/ VISI ZZ,16,32),COND(2Z,16,32),NOD(22,l6,321,RNALL(579)00485000
a ,CPM(22,16,321,HSZ(3,2),NHSZ(Z2,16,32),RESORM(93) 00485100
COtMON/BL38/NTHC0,CXf12J,CY(12),CZ(12),NTH(12,3),TCOUP(12) 00485200
COMMtON/L39/ALENPCURVE ,CONSRA,PCURII.,PSOUTHQCORRPERROR 00485300
XTIIE TIME*H/U0 00485400
IFI NN .EQ. 1) THEN 00485500

C 00485600
QRR=60.*60./3 .412/1000 .*QR 00485610
WRITE) 6,500) XTIMENTREAL,TIME ,ITER,RESORMI ITER ),SORSLNIQRR 00485700

Soc F0Rt1U.T(lX, 'TIME=I,F7.3,' S',1X,NTREAL=',19,1X, 00485800
a 'TIME:I,F7.2,1<0,19X1TER=,I,X,SURCE='. 00485900
& F9.6.1X,'S0RSUM=,,F9.6,1X,' QR(KHI = ,F10.4) 00486000

C 00486100
KW= ((60.*60.)/(3.412*1000.))* Q 00486200

PRINT * 00486300
PRINT *, PCURVE PSOUTH PERROR Q00486400
&CRR QC0RRT Q(KN) *00486500

PRINT *, PCURVE,PSOUTHPERROR,QCORR,QCORRT,QKN 00486600
PRINT *00486700

c 00486800
ELSE IF( NN4 EQ. 2 ) THEN 00486900
PRINT 4* 00487000
PRINT *, *TEMIPERATURES AT THERMIOCOUPLE POSITION IN (C)' 00487100
WRITE (6,4*) (TCOUP(N),N=lsNTHCO) 00487200
PRINT 4* 00487300
PRINT 4* 00487400

00487500
ELSE 00487600

00487700
D0 302 L=25,25 00487800
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K:L 00437900
D0 502 Mcl,NXPl 00488000
I :N 00488100
HRITE16,504) IvK 00488200

504 FORNAT/2X,'I=',2,5X,'K=*,2/10X,' T NODp3XR6?1C.C. ),2X, 00488300
& *UICM/SEC ',ZX'VICM/SEC)',ZX,Hf(CM/SECP,*P (ATh)',SX,'SMP,5SX, 00488400
& WVIS(SEC/Cl-CMIp,3X'CO4D(SEC/CMr-CM),Y XSMP ,/) 00488500

513 DO 503 Jz1,NJP1 00488600
C XCTEMP=T I ,J ,K )/COlSTS-Z73.16 00488700

XTEMP:T(I ,J ,K) 00488800
C XR=R( I J,K 3*RHOO/2.2048 *1000.*(0.0328)**3 00488900

XR=Rt I,J,K 3 00489000
C XdJUtUIJ,K)*CONST6 00489100
C XV=V(I,J,K*CONST6 00489200
C XHI JK )*CONST6 00489300
C XP=I P II,J ,K)*C0NSTI.REQ( I,J,K IMPINT) 00489400

XP=P(I,J,K) 00489500
XU=UII,J,K) 00489600
XVV(I,.J,K) 00489700
X42NfIPJ,K.1) 00489800

cc XVIS=VISI I J,K )*RH00*CP0*H*U041.48S14 00489900
cc XZOND=CONOI I ,J,K ,*RHO0*CP0*H*U*1.48814 OO4qOOOO

xvisWvis( ,J,KJ/VISO 00490100
XCON~D=C0KDtI ,JK )/VISO 00490200
XSMPRV(I,J,K 3 00493300
DDYY=1./FLOAT( NJM1-Z) 00490400
PE =SQRTE UII ,J,K )**2V(I .J,K )**24WIjJ,K 1*2 )*DYY/C0NDt I,J,.K 00490500
IIRITE E ,511 )J ,XTEMP ,XR ,XU ,XV ,XPXP ,SIIP( I J ,K )XVIS ,XCONO ,XSDIP 00490600

511 F0RMAT(2X,'J=,3,XF6.32XF6.32XF7.3,2XF7.3.3XF7.33X 00490700
P F12.3,3XF9.6,ZXF6.Z,2X,F8.2,ZX,F6.3) 00490800

503 CONTINUJE 00490900
502 CMfTINUE 00491000

ENDIF 00491100
RETURN 004P1200

END 004?2300
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